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ANTIPROLIFERATIVE SUBSTITUTED 
5 -THIAPYRIMIDINONE and 5-SELENOPYRIMIDINONE COMPOUNDS 

is application is a continuation-in-part of parent 
application U.S. Serial No. 07/991,259. This CIP is not 
being filed in response to the U.S. Patent and Trademark 
Examiner's rejections in the parent application. The filing 
of the CIP application should in no way be construed as an 
acquiescence tha\the Examiner's § 112 rejections (second and 
fourth paragraphs )\u the parent application are correct, 
jh*. • The present invention relates to certain substituted 

|f 5-thia- and 5-selenopyrimidinonyl compounds which inhibit the 

J enzyme glycinamide ribonucleotide formyl transferase (GARFT) , 

certain substituted 5-thia-N^nd 5-selenopyrimidinonyl 
compounds which inhibit the ei^yme amino imidazole 
carboxamide ribonucleotide formyl transferase (AICARFT) , to 
intermediates thereof , to pharmaceutical compositions 
containing these compounds , and to the use thereof to inhibit 
the growth and proliferation of the ceW of higher organisms 
and microorganisms such as bacteria , yeast, and fungi. Such 
effects include antitumor, ant iinf lammatoryK ant ipsoria t ic 
and immunosuppressive activity. A process fo^the 
preparation of these compounds is also disclose 

The large class of antiproliferative agents includes 
antimetabolite compounds. A particular subclass of 
antimetabolites known as antifolates or antifoles are 
antagonists of the vitamin folic acid. Typically, 
antifolates closely resemble the structure of folic acid and 
incorporate the characteristic P-benzoyl glutamate moiety of 
folic acid. The glutamate moiety of folic acid takes on a 
double negative charge at physiological pH. Therefore, this 
compound and its analogs hav an active energy driven 
transport system to cross the cell membrane and exert a 
m tabolic effect. 
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GARFT and AICARFT are folate dependent enzymes in the de 

novo purine biosynthesis pathway. This pathway is critical 

to cell division and proliferation. Shutting down this 3 

pathway is known to have an antiproliferative effect, in 

particular, an antitumor effect. Thus, a number of folate 

analogs have been synthesized and studied for their ability 

to inhibit GARFT. A prototypic specific tight binding 

inhibitor of GARFT, 5,1 O-didedzatetrahydrof olic acid, has 

been reported to show antitumor activity. See F.M. Muggia, 

"Folate antimetabolites inhibitory to de novo purine 

synthesis" in New Drugs. Concept s and Results in ranr-or- 

U Chemotherapy, pp. 65-87, Kluwer Academic Publishers, Boston 

Ci (1992) . 

j| The present invention introduces a novel class of 

H 5-thia- or 5-selenopyrimidinonyl compounds containing a 

# glutamic acid moiety. These compounds can be effective in 

inhibiting GARFT and/or AICARFT and the growth and 
proliferation of cells of higher organisms and of 
microorganisms such as bacteria, yeast and fungi. The 
ijij invention further relates to pharmaceutical compositions 

containing these compounds or suitable salts thereof and the 
use of these compounds as inhibitors of the enzymes GARFT 
and/or AICARFT. 

As stated above, compounds of the invention possess ' 
anti-proliferative activity, a property which may express 
itself in the form of anti-tumor activity. A compound of the 
invention may be active per se, or it may be a precursor 
which is" converted In vivo to an active compound. Compounds 
of the present invention possess at least one chiral center. 
Thus compounds of the invention include mixtures of 
diastereomers or enantiomers, as well as diastereomers and 
enantiomers substantially free of other diastereomers or 
enantiomers . 

pref rred -compounds-of the^inventibn "are active" in" " 

inhibiting the growth of the LI 210 c 11 lin , a mouse 
leukemia c 11 line which can be grown in tissue culture. 
Compounds of the inv ntion can also b active in inhibiting 
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the growth of bacteria such as Escherichia coll gram negative 
bacteria which can be grown in culture* 

The compounds according to the invention, as well as the 
pharmaceutical^ acceptable salts thereof , may be 
incorporated into convenient dosage forms such as capsules, 
tablets* or injectable preparations ♦ Solid or liquid 
pharmaceutical^ acceptable carriers may also be employed. 
Solid carriers include starch, lactose, calcium sulphate 
dihydrate, terra alba, sucrose, talc, gelatin, agar, pectin, 
acacia, magnesium stearate and stearic acid. Liquid carriers 
include syrup, peanut oil, olive oil, saline solution and 
water. ' 

The carrier or diluent may include any prolonged release 
material, such as glyceryl monostearate or glyceryl 
distearate, alone or with wax. When a liquid carrier is 
usqd, the preparation may be in the form of a syrup, elixir, 
emulsion, soft gelatin capsule, sterile injectable liquid 
(e.g. solution) or a non-aqueous or aqueous liquid 
suspens ion . 

The pharmaceutical preparations (not necessarily the 
compounds or salts thereof per se) are prepared following 
conventional techniques of the pharmaceutical chemist 
involving steps such as mixing, granulating, and compressing 
when necessary for tablet forms, or mixing, filling and 
dissolving the ingredients as appropriate to give the desired 
products for oral, parenteral, topical, intravaginal, 
intranasal , intrabronchial , intraocular , intraaural , and 
rectal administration. 

The compositions of the invention may further comprise* 
one or more other compounds which are anti-tumor agents such 
as: a mitotic inhibitor (for example: vinblastine); 
alkylating agents; dihydrofolate reductase inhibitors or TS 
inhibitors; antimetabolites (for example, 5-f luorouracil and 
cytosinearabinoside) ; -intercalating -antibiotics -( for example, 
adriamycin and bleomycin); enzymes (for example, 
asparaglnas ); topoisonerase inhibitors (for example, 



etoposide); or biological response modifiers (for example, 
interferon). 

The compositions of the invention may also comprise one 
or more other compounds including antibacterial, antifungal, 
antiparasitic, antiviral, antipsoriatic andanticoccidial 
agents. Exemplary antibacterial agents include, for example 
sulfonamides such as sulfamethoxazole, sulfadiazine, 
sulfameter or sulfadoxine; dihydrofolic reductase inhibitors 
such as trimethoprim, bromodlaprim, or trimetrexate; 
penicillins; cephalosporins; aminoglycosides; bacteriostatic 
inhibitors of protein synthesis; the quinolone carboxylic 
acids and their fused isothiazolo- analogs. 

Another aspect of the invention relates to a therapeutic 
process of inhibiting the growth and proliferation of cells 
of higher organisms and microorganisms which comprises 
administering to a host an effective amount of a compound 
according to the present invention. The compounds of the 
invention are particularly useful in the treatment of 
mammalian hosts such as human hosts and in the treatment of 
avian hosts. Therapeutic processes can comprise 
administering to a host an effective amount of a compound 
according to the present invention to inhibit GARFT and/or 
AICARPT. 

Many of the antiproliferative drugs described herein or 
pharmaceutical^ acceptable salts thereof can be employed in 
the therapeutic process of the invention. The compounds may 
be administered in the form of a pharmaceutical ly acceptable 
composition comprising a diluent or carrier such as those 
described above. 

Doses of the compounds preferably include pharmaceutical 
dosage units comprising an effective quantity of the active 
compound. An "effective quantity- means a quantity 
sufficient to inhibit the folate metabolic pathways and 
derive-the b neficial ef fects therefrom "through '~ " " 

administration of one or mor of the pharmac utical dosage 
units . 



t 



-5- 

An exemplary daily dosage unit for a vertebrate host 
comprises an amount up to one gram of active compound per 
kilogram of the host, preferably one half gram, more 
preferably 100 milligrams, and most preferably, about 50 
milligrams or less per kilogram of the host weight. The 
selected dose may be administered to a warm-blooded animal or 
mammal, for example, a human patient in need of treatment 
mediated by folate metabolic pathways inhibition, by any 
known method of administrating the dose including topically 
as, for example, an ointment or creajn; orally; rectally, for 
example, as a suppository; parenterally by injection; or 
continuously by intravaginal, intranasal, intravenous, 
intrabronchial, intraaural or intraocular infusion. For oral 
administration, one can use the compounds of the invention in 
ester or free acid form. . 

The compounds according to the present invention may be 
characterized as producing any one or more of an 
antiproliferative effect, antibacterial effect, an 
antiparasitic effect, ah antiviral effect, an antipsoriatic 
effect, an antiprotozoal effect, an anticoccidial effect, an 
antiinflammatory effect, an immunosupressive effect or an 
antifungal effect. The compounds can be especially useful in 
producing an antitumor effect in a vertebrate host harboring 
a tumor. 

The present invention relates to antiproliferative 
compounds having the formula I 




wh rein » 

A represents sulfur or s lenium; 



Z represents 1) a substituted or unsubstituted non- 
cyclic spacer which separates A from the carbonyl carbon of 
the amidb group by 1 to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen, 
and ptfosphorous ; 2) a substituted or unsubstituted mono or 
fused or honfused poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
and at least one of said carbocyclic or heterocyclic radical, 
wherein when said non-cyclic spacer is bonded to A, said 
non-cyclic spacer separates A from one of said carbocyclic or 
heterocyclic radicals by 1 to 10 atoms and further wherein 
when said non-cyclic spacer is bonded to -C(0)-, said non- 
cyclic spacer separates -C(O)- from one of said carbocyclic 
or heterocyclic radicals by 1 to 10 atoms; 

Rj^ and R 2 represent, independently, H or to Cg allcyl 
or other readily lyzable, preferably hydro lyzable, groups; 
and 

R 3 represents H or a straight, branched or cyclic C 1 to 
Cg allcyl group (cyclic obviously applies only to C 3 to Cg 
alkyl groups) optionally carrying one or more halogen, 
hydroxyl or amine groups; or a pharmaceutically acceptable 
salt thereof • 

A preferred subgenus of the compounds of the invention 
has the formula II 




A is sulfur or selenium; 

(group) r pr sents a non-cyclic spacer which separates A 
from (ring) by 1 to 5 atoms, said atoms b ing independently 



selected from carbon, oxygen , sulfur, nitrogen and phosphorus 
and optionally carrying one or more substituents 
independently selected from to Cg alkyl or C 2 to C g 
alkenyl groups, C 1 to Cg alkoxy or C 1 to. C g alkoxy(C 1 to 
Cg)alfc?{rl groups, C 2 to Cg alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or 
mercapto groups, monocyclic carbo- or heterocyclic rings, and 
fused or non-fused poly-carbocyclic or poly-heterocyclic 
rings;, 

(ring) represents one or more of a substituted or 
unsubstituted monocyclic, carbo- or heterocyclic ring or a 
fused or non-fused polycarbocyclic or heterocyclic ring 
optionally substituted with one or more substituents selected 
from those recited for (group); 

Rj^ and R 2 represent, independently, hydrogen, ^ to Cg 
alkyl or other readily lyzable, preferably hydrolyzable, 
groups ; and 

R 3 represents hydrogen or a straight, branched or cyclic 
Cl to Cg alkyl group (obviously, cyclic only involves C 3 to Cg 
alkyl groups) optionally carrying halogen, hydroxyl, or amine 
substitution; or a pharroaceutically acceptable salt thereof. 

In a preferred embodiment of the compound of formula I, 
the moiety Z is represented by Q-X-Ar wherein « 

Q represents a Cj^-Cj alkylene, or a C 2 -C 5 alkenylene or 
alkynylene radical optionally carrying one or more 
substituents independently selected from Qj to C g alkyl or C 2 
to Cg alkenyl groups, C^ to Cg alkoxy or to C g alkoxy(C x 
to Cg) alkyl groups, C 2 to C g alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or 
mercapto groups, monocyclic carbo- or heterocyclic rings, and 
fused or non-fused poly^carbocyclic or poly-heterocyclic 
rings; > 

X represents a methylene, monocyclic carbo- or 

heterocyclic ring, - sulfur,- oxygen or-amino -radical r~ ^ — 

optionally carrying one or mor substituents independently 
selected from C x to C g alkyl or C 2 to C g alkenyl groups, C x 
to Cg alkoxy or Ci to C6 alkoxy(Ci to C6)al)cyl groups, C2 to 



Cg alkynyl groups, acyl groups, halogen, amino groups , 
hydro xyl groups, nitro groups or mercapto groups , monocyclic 
carbo- or heterocyclic rings, and fused or non-fused p<?ly- 
carbocyclic or poly-heterocyclic rings; and 

Aar represents a monocyclic carbo- or heterocyclic 
aromatic ring or a bicyclic carbo- or heterocyclic ring, all 
or a portion of which may be aromatic, and wherein the Ar may 
be fused to the monocyclic carbo- or heterocyclic ring of X, 
and wherein the Ar optionally carries one or more 
substituents independently selected from to Cg alkyl or C j 
to Cg alkenyl groups, C 1 to C g alkoxy or C ± to C g alkoxy^ : 
to Cg)alkyl groups, C 2 to C g alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or 
mercapto groups, monocycliccarbo- or heterocyclic rings, and 
fused or non-fused poly-carbocyclic or poly-heterocyclic 
rings; or a pharmaceutically acceptable salt thereof. 

In a preferred embodiment of the compound of formula II, 
the moiety (group) represents a C x to C 4 alkylene group and 
the moiety (ring) represents a substituted or unsubstituted, 
fused or non-fused carbocyclic or heterocyclic bicyclic ring 
system, or a substituted or unsubstituted, carbocyclic or 
heterocyclic monocyclic ring system, or at least two 
monocyclic ring systems linked by a single bond, said 
monocyclic ring systems being independently substituted or 
unsubstituted. 

Another preferred embodiment of the invention has the 

formula III 




III. 



wherein n is an integer from 0 to 5, A represents sulfur o 
selenium, X is m thyl n f monocyclic carbo- or heterocycli 



ring, 0/ S, or -NH-, Ar is an aromatic radical, wherein Ar 
can form a fused bicyclic ring system with said ring of X, 
and R 1 and R 2/ which can be the same or different, are 
hydrogen or alkyl radicals having 1 to 6 carbon atoms or a 
pharm^ceutically acceptable salt thereof. 

Ar in formula III can be any substituted or 
unsubstituted 5 or 6 membered aromatic ring such as, for 
example, 3-methyl-2 , 5-thienyl , 4 -methyl- 2, 5-thienyl , 3-ethyl- 
2, 5-thienyl, 1, 4-phenylene, 1, 3-phenylene, 2, 5-thienyl, 

2.4- thienyl, 2, 5 -pyrrole, 2,4- pyrrole, 2,5-furyl, 2/4-furyl, 

2.5- pyridyl, 2,4-pyridyl, 2 -methyl-1, 4-phenylene, and the 
like. 

Although the compounds are depicted throughout this 
description in the formulae in the 4-oxo form and are 
referred to as such throughout this description, the oxo 
group exists in tautomeric equilibrium with the corresponding 
4 -hydroxy group and it will be understood that in each case 
the tautomeric hydroxyl form is also indicated. 

The compounds of formula I in which each of Rj^ and R 2 is 
hydrogen are active anti-tumor and antiproliferative 
compounds. The compounds of formula I wherein Rj and R 2 are 
lower alkyl groups or other readily lyzable groups are novel 
intermediates for forming the free glutamic acid forms of the 
compounds and can also be metabolized in vivo to 
polyglutamates and thus act: as prodrugs. 

The invention also relates to compounds useful as 
AICARFT inhibitors of the formula X 




— — A r present s^ sulfur or s 1 nium;~~ 

Ar represents an unsubstituted phenylene or thienylene 
radical; 



R^ and R2 represent, individually, hydrogen or to Cg 
alkyl or other readily lyzable, preferably hydrolyzable, 
groups; 

R^ represents hydrogen or a straight, branched or cyclic 
C 1 -Cg alkyl group (obviously, when the alkyl is cyclic, C 3 -Cg 
is intended), optionally carrying one or more halogen, 
hydroxyl or amine groups ; or 

a pharmaceutically acceptable salt thereof. 

Preferably, Rj in formula X is hydrogen. A in formula X 
is preferably -S-. Preferably, Rj^ and R 2 independently 
represent hydrogen, methyl and ethyl in formula X. 

The compounds of formula X in which each of and is 
hydrogen are active anti-tumor and antiproliferative 
compounds. The compounds of formula X wherein R 1 and R 2 are 
lower alkyl groups or other readily lyzable groups are novel 
intermediates for forming the free glutamic acid forms of the 
compounds and can also be metabolized in vivo to 
polyglutamates and thus act as prodrugs. 

As discussed above, the invention also includes 
pharmaceutically acceptable salts, including, for example, 
alkaline metal, alkaline earth metal, other non-toxic metals, 
ammonium and substituted ammonium salts of the glutamic acid 
embodiments of the invention such as, but not limited to, the 
sodium, potassium, lithium, calcium, magnesium, aluminum, 
zinc, ammonium, trimethyl ammonium, triethyl ammonium, 
tetrabutyl ammonium, pyridinium and substituted pyridinium 
salt8._ 

Novel compounds of the formula V 




wherein: 

A represents sulfur or selenium; 



Z represents 1) a substituted or unsubstituted non- 
cyclic spacer which separates A from the carbonyl carbon of 
the amido group by 1 to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
and at least one of said carbocyclic or heterocyclic radical, 
wherein said non-cyclic spacer separates A from one of said 
carbocyclic or heterocyclic radicals by 1 to 10 atoms; and 

. R 3 represents H or a straight, branched or cyclic (C 1 to 
Cg) alkyl group (obviously, when the alkyl is cyclic, C 3 -C g 
is intended), optionally carrying one or more hydroxyl or 
amine groups; 

R 4 represents hydroxy, (C^ to C g ) alkyloxy group 
optionally carrying one or more hydroxyl or amine groups, or 
a protected or unprotected amino acid linked to the acyl 
group of formula V by the amine portion of the amino acid; 

or a pharmaceutically acceptable salt thereof; 

can be prepared by reacting a compound having the 
formula VI 

O 

iY 

wherein hal is bromine, chlorine, fluorine, or iodine, 
preferably bromine, and R 3 is as defined above with a 
compound having the formula IV 



IV. 



wh rein A, Z, and R 4 are as defined above, in the presence of 
another bas , preferably a non-nucleophilic auxiliary base, 
in a solvent in which at least one of the reactants is at 



least partially soluble under conditions sufficient to obtain 
the compound of formula V. 

In a preferred embodiment of the compound of formula V, 
Z represents -(CH 2 ) -X-Ar- wherein a is an integer from 0 to 
5, A represents sulfur , X is methylene, monocyclic carbo- or 
heterocyclic ring, 0, S, or -NH-, and Ar is an aromatic 
radical, wherein Ar can form a fused bicyclic ring system 
with said ring of X, 

The reaction is preferably carried out in a suitable 
solvent in which at least one or both reactants are soluble 
at the reaction temperature. The solvent and the reaction 
environment are preferably purged of oxygen prior to 
introduction of the reactants by bubbling an inert gas, such 
as argon or nitrogen, through the solvent. Bubbling of the 
inert gas is preferably continued until the reaction has gone 
to completion and been quenched, such as by pouring into 
water. Suitable preferred solvents are dipolar aprotic 
solvents such as, e.g., dimethylsulf oxide , N,N- 
dime thy Iformamide, N,N-dimethylacet amide, or N-methyl-2- 
pyrolidinone. " 

The basic medium is preferably provided via a non- 
nucleophilic auxiliary base which is defined as a base 
capable of neutralizing hydrogen halide, preferably hydrogen 
bromide , gas generated by the substitution reaction. The 
base is preferably an alkali or earth metal carbonate or a 
trialkylamine such as, e.g., trimethylamine , triethylamine or 
diisopropylethylamine. 

A more specific method for conducting the reaction of 
compounds of the formulae IV and VI is to suspend the 
compound of formula VI, preferably, 5-bromo-2, 6-diamino- 
4 (3H)-oxo-pyrimidine, in the solvent; compound of the formula 
IV and the auxiliary base are then added sequentially. The 
reaction vessel is then immersed in an oil bath which has 

been- -heated - to- the appropriate temp rature ( 20-200°-,- — — — 

pr ferably 70-120°C). The reaction mixture is stirred at 
this temperature for the requisite length of time (usually 
30-330 minut s), th n cooled to room temperature and poured 



into water. The product is then isolated by filtration or 
extraction with an organic solvent and purified either by 
recrystallization or by chromatography. 

The compound of the formula V can be hydrolyzed, in 
basic medium , to its free carboxylic acid form, peptide 
coupled, by means well-known to those skilled in the art, 
with a glutamic acid diester hydrochloride and, finally, 
hydrolyzed to the free glutamic acid form depicted in formula 
I (Rj^ and R 2 = H) . Detailed syntheses for various compounds 
of formula I will be presented in the examples that follow. 

Specific examples of novel compounds of formula I 
include: 

N-( 4- ( 3- [ 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5- 
yl) thio] propyl) benzoyl- (S) -glutamic acid (Example 2); 

N-[ 4- (N- [ 2- ( [ 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5- 
yl]thio) ethyl] amino) benzoyl ]-S-glutamic acid (Example 5); 

N- [ ( 4 - [ 2 - ( [ 2 , 6 -diamino-4 ( 3H ) -oxopyr iraidin- 5 - 
yl] thio) ethyl] thio) benzoyl ]-S-glutamic acid (Example 4); 

N- [ 2- ( 5- [ 3- ( [ 2 , 6 -diamino-4 ( 3H) -oxopyr imidin-5 - 
yl]thio)propyl]-thienoyl)]-(S) -glutamic acid (Example 3); 

N- [ 5 - ( 3 - [ 2 , 6-Diamino-4 ( 3H) -oxopyr imidin-5 -yl ) thio ] - 
propyl )-3-methyl-thieno-2-yl]^L-glutaraic acid (Example 6); 

N- ( 5- ( 3- ( 2 , 6 -Diamino-4 ( 3H ) -oxopyrimidin-5 -yl ) thio ] - 
propyl )-4-methyl-thieno-2^yl}-L-glutamic acid (Example 7); 

N- ( 6 [ ( 1 2 , 6^diamino-4 ( 3H) -oxopyrimidino-5-yl ] thio ) - 
raethyl]-4,5 / 6 / 7- tetrahydrobenzothieno-2-yl)-S-glutamic acid 
(Example 8); 

N-(5-(2-([2, 6 -Diamino-4 ( 3H) -oxopyrimidin-5 - 
yl] thio) ethyl ]thieno- 2 -yl)-L-glutamic acid (Example 9); and 

N-(4[4-[2-([2 ,6 -Diamino-4 ( 3H ) -oxopyrimidin- 5- 
yl] thio) ethyl] benzoyl )-L-glutamic acid (Example 10). 

It is to be understood that application of the teachings 
of the present invention to a specific problem or environment 
-will- be witfiiri tfi: capabilities' oToV taving ordinary sk'iir"* 
in the art in light of th teachings contained herein. 
Examples of the products of th present invention and 
representative process s for their preparation and recovery 
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appear in the following examples ♦ 

EXAMPLE 1 

Synthesis of 5- bromo-2 , 6-diamino-4 ( 3Hl-oxo-pvrimidine 




This compound was prepared according to a procedure 
described by CO. Okafor, J. Heterocyclic Chem. , IT, 1587 
(1980) • 

Eighty mmol (10*09 g) of commercially available 2,6- 
diamino-4(3H)-pyrimidinone was deposited in a one liter flask 
suspended in a mixture of 60 ml of methanol and 60 ml of 
water. This suspension was vigorously stirred and 12 grams 
of sodium bicarbonate was added in a single portion. Eight 
ml (155 romole) of liquid bromine was added dropwise to the 
reaction flask over a 40-minute interval. An additional 30 
ml of 50% aqueous methanol was then added to the reaction 
mixture to facilitate stirring. After stirring for a further 
30 minutes, an additional 8 grams of sodium bicarbonate was 
added in a single portion. The resultant reaction mixture 
was stirred for 75 minutes and left standing at room 
temperature overnight. The product was collected by 
filtration and recrystallized from 300 ml of water, yielding 
6.4 grams (39% yield) of yellow needles having a M.P. of 
242°C (decomposed). 

— . EXAMPLE 2 -~ 

Synthesis of N-[4-(3-[2,6-diamino-4(3H)-oxopyrimidin-5- 
vl ) thiol propyl 1 benzoyl- (S) -glutamic acid 
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This compound of formula III wherein A is sulfur, n = 2 
x = -CH 2 -, Ar = phenylene, and R 1 & R 2 = hydrogen was 
synthesized via the following 10-step process. 

'ST. Methvl-4-iodobenzoate 

Fifty (50) mmol (12.4 g) of commercially available 4- 

iodobenzoic acid was dissolved in 200 ml of tetrahydrof uran 

and then added to an ether solution containing freshly 

prepared diazomethane. The excess diazomethane was 

subsequently consumed by addition of glacial acetic acid and 

the resultant solution was concentrated in vacuo. The 

residue thus obtained' was partitioned between ethyl acetate 

and saturated NaHC0 3 . The layers were separated and the 

aqueous phase was extracted with 100 ml of ethyl acetate. 

The organic extracts were contained/ dried over Na^SO,, and 

2 4 r 

concentrated in vacuo, yielding 13.01 grams (99.3% yield) of 
a yellow solid which melted at 111°C. 

The following analyses indicate that methyl 4- 
iodobenzoate were obtained. 

HNMR (300 MHz, GE QE-300, CDC1 3 ) 

6 =? 7.80 (2H, d, J =* 8.6Hz); 7.74 (2H, d, J = 8.6Hz); 
3.91 (3H, s) . 

Elemental Analysis: 

Calculated as CgH^I: C » 36.37; H 2.69 and 

I = 48.43 
Found: C =36.91; H ~ 2.74 and 

I = 48.23 

b. Methyl 4- ( 3-hvdroxvpropvnvl Ibenzoate 
Methyl 4 -iodobenzoate (9.0g, 34.4 mmol) was dissolved in 
90 ml of diethylamine . The solution was stirred vigorously 
and, sequentially , 121 milligrams of bis ( triphenylphosphine) 
palladium chloride and 65 milligrams of cuprous iodide were 

added, each, in^a . single _portion,-f ollowed^by ^1*. -93 -grams- of 

propargyl alcohol. The resultant mixtur was stirred for 
about 20 hours at room temperature in an argon atmosphere. 
At the end of this period, diethylamine fras removed by 



concentration in vacuo. The residue was diluted with 200 ml 
of water and extracted three times with 100 ml of benzene and 
75 ml of ethyl acetate. The organic extracts were combined , 
dried over Na 2 S0 4 , and concentrated In vacuo, yielding a 
brown 'solid. This crude residue was purified by flash 
chromatography. Elution with a 2 to 1 (V:V) mixture of 
hexane and ethyl acetate yielded 5.44 grams (83% yield) of a 
pale yellow solid melting at 81 to 82°C. 

The following analyses were obtained for this material, 
indicating that it was methyl 4-(3-hydroxy propynyl) 
benzoate: 

NMR (CDC1 3 ) 6 = 7.98 (2H, dy J = 8.3Hz), 7.49 
(2H, d, J = 8.3Hz), 4.52 (2H, s), 3.92 (3H,s) 
Anal. (C 1]L H 10 O 3 ) C,H 

c. Methyl 4- ( 3 -hvdroxvpropvl 1 benzoate 

Three grams (15.8 mmol) of methyl 4- (3 -hydroxy propynyl) 
benzoate was dissolved in 200 ml of ethanol in a Parr flask 
and 0.3 g (10% wt. eq.) of 5% Pd/C was added. This mixture 
was shaken under 45 psi of hydrogen for 3.5 hours. The crude 
reaction mixture was filtered through a pad, of Celite® and 
the filtrate was then concentrated, In vacuo, yielding a 
green oil which was purified by vacuum flash chromatography. 
Elution with a 2 to 1 (V:V) mixture of hexane and ethyl 
acetate yielded 2.9 grams (95% yield) of a yellow oil. 

The following analyses were obtained for this material, 
indicating that it was methyl 4-( 3-hydroxypropyl ) benzoate: 

lOm (CDC1 3 ) 6 = 7.96 (2H, d, J = 8.3Hz), 
7.27 (2H, d, J = 8.3Hz), 3.90 (3H, s), 3.68 (2H, J = 6.4Hz), 
2.77 (2H, t, J = 7.5Hz), 1.91 (2H, tt, J - 6.4, 7.5Hz) 

Anal. (C 11 B 1 ' 4 O 3 «0.3H- 2 0) C,H 

d. Methvl 4-3 1 bromopropyl ^benzoate 

— — —Methyl- 4- ( 3-hydroxypropyl-)- b nzoat ( 3 . 49g , 18mmol ) and 
4.21 grams of carbon tetrabromide were dissolved in 25 
milliliters of methylene chloride. This solution was stirred 
vigorously and cooled to about 0°C centigrade. Triphenyl 



phosphine (5.67 grams dissolved in 25 ml of methylene 
chloride) was added dropwise to this solution over a 10 
minute period, with the reaction temperature holding at about 
0°. The resultant yellow solution was stirred at 0° for 
about 30 minutes, then overnight at room temperature. The 
crude reaction mixture was concentrated in vacuo and the 
residue was purified by flash chromotography. Elution with 9 
to 1 (v:v) hexane ethyl acetate yielded 4.38 grams (95% 
yield) of product as a yellow oil. 

The following analyses were obtained for this material, 
indicating that it was methyl (4-( 3-bromopropyl) benzoate: 

NMR (CDC1 3 ) 5 V 7.97 (2H, d, J - 8.2Hz), 
7.27 (2H, d, J = 8.2Hz), 3.91 (3H, s), 3.39 (2H, t, J = 
6.5Hz), 

2.84 (2H, t, J = 7.4Hz), 2.18 (2H, tt, J = 6.5, 7.4Hz) 
Anal. (Cj^gOjBr) C,H,Br 

e. Methvl 4 - r 3 - < acetyl thio ) propyl 1 benzoate 
Five (5) mmol (1.29 grams) of methyl 4- (3 bromopropyl) 
benzoate was dissolved in 40 ml of acetone and vigorously 
agitated while 10 mmol (1.14 grams) of potassium thioacetate 
was added in a single portion* The mixture was heated at 
reflux for 35 minutes, then returned to room temperature and 
filtered. The filter cake was washed twice with acetone. 
The filtrate and washings were combined and concentrated 
under vacuum. The residue was partitioned between ether and 
water (25 ml each). The layers were separated and the 
aqueous phase extracted with 25 ml of ether. The organic 
extracts were combined, dried over Na 2 S0 4 , and concentrated 
in vacuo, yielding a red oil. This oil was purified by flash 
chromatography. Elution with hexane/ethyl acetate (9 to 1 
V:V) yielded 1.22g (97% yield) of an amber colored oil. 

The following analyses were obtained for this material 
indicating " that ^ Tt was" methyl 4 - [ 3 - ( acetyl tfiid) propyl ] 
b nzoate: 



NMR (CDC1 3 ) 6 = 7.95 (2H, d, J = 8.3Hz), 
7.24 (2H, d, J = 8.3Hz), 3.90 (3H, s), 2.88 (2H, t, J = 
7.2Hz), 2.74 (2H, t, J = 7.7Hz), 2.34 (3H, s), 1.91 (2H, tt, 
J = 7.2, 7.7Hz) 

J*£nal. (C 13 H 16 0 3 S) C,H,S 

f . Methvl 4- f3-thlopropvll benzoate 

One ml (1.1 gram) of acetyl chloride was added slowly to 
10 ml of methanol in a 100 ml flask. This solution was 
rapidly stirred and to it was added a solution of methyl 4- 
[ 3 - ( ace tyl thio ) propyl J benzoate in 5 ml of methanol. The 
reaction mixture was heated at reflux for two hours, then 
cooled to room temperature. . The crude reaction mixture was 
diluted with 10 ml of water. Methanol was removed by 
concentration under vacuum, and the aqueous residue was 
extracted twice with 25 ml of ether. The organic extracts 
were combined, dried over Na 2 S0 4 , and concentrated under 
vacuum, yielding 815 milligrams (97.3% yield) of an amber 
colored oil. 

The following analyses were obtained for this material, 
indicating that it is the desired methyl 4-( 3-thiopropyl) 
benzoate x 

NMR (CDC1 3 ) 6 =» 7.96 (2H, d, J * 8.2Hz), 
7.25 (2H, d, j - 8*2Hz), 3.90 (3H, s), 2.79 (2H, t, J » 
7.6Hz) r 

2. 57-2,50 (2H, m), 2.00 (2H, m), 1.37 (1H, t, J = 7.9Hz) 
Anal. ( c ix H i40 2 S) C ' H ' S 

g. Methvl 4- ( 3-f 2 , 6-diamino-4 ( 3H r-oxopvrimidin-5- 
vl ) thio 1 propyl 1 ben zoa t e 

Argon was bubbled through a slurry of 1.01 grams (4.9 
mmol) of 5-bromo-2,6-diamino-4(3H)pyrimidinone in 15 ml of 
DMF. To this slurry was added a solution of 1.11 gram (5.3 
mmol ) of methyl- 4- ( 3- thiopropyl ) benzoate in* 10 mi" of DMF and 
1.8 ml (1.34g) of diisopropyethylamine. This mixture was 
heated at 100°C for 30 minutes, then poured over ice. The 



resultant precipitate was collected by filtration , washed 
twice with 30 ml of H 2 0, then twice with 30 ml of ether, 
yielding 711 mg of a white powder (73% yield) melting at 248 
to 251°C (decomposed). 

following analyses indicated that this material was 
the desired 4-(3-[ (2,6-diamino-4(3H)-oxopyrimidin-5- 
yl ) thio ) propyl ) benzoate : 

NMR (DMSO-d6) 6 = 9.95 (1H, s), 7,84 (2ft, d, J = 
8.2hz), 

7.33 (2H, d, J =* 8.2hz), 6.28 (4H, broad), 3.82 (3H, s), 
2.76 (2H, t, J = 7.2Hz), 2.42 (2H, t, J = 7.0Hz), 
1.70 (2H, tt, J = 7.0, 7.2hz) 

Anal . ( C x 5 H 1 8 N 4 0 3 S • 0 . 3H 2 0 ) C , H , N , S 

h. 4— ( 3-f 1 2 . 6-diamino-4 ( 3HV-oxopvrimidin-5- 
vll thiol propyl! benzoic acid 

A suspension of 669 mg (2 mraol) of 4-( 3-[ ( 2 , 6-diamino- 
4 (3H)-oxopyrimidin-5yl) thio] propyl) benzoate in 30 ml of IN 
NaOH was stirred overnight at room temperature, then 
filtered. The filtrate was acidified to pH 5.0 with acetic 
acid. The precipitate that formed was collected by 
filtration and washed 3 times with 5 ml of H 2 6 yielding 589 
mg (91.9% yield) of an off-white powder product. 

The following analyses indicated that this was the 
desired 4-(3-( ( 2,6-diamino-4( 3H)-oxopyrimidin^ 
5yl) thio] propyl) benzoic acid: 

lOQt (DMSO-d6) S = 12.72 (1H, broad), 9.97 (1H, broad), 
7.82 (2H, d, J = 8.1Hz), 7.29 (2H, d, J = 8.1Hz), 6.29 (4H, 
broad) 2.74 (2H, t, J » 7.2Hz), 2.43 (2H, t , J - 7.0Hz), 1.70 
(2H, tt, d = 7.0, 7.2Hz) 

Anal. ( c i4 H i6 N 4°3 S ) C ' H ' N ' S 

i. Diethyl N-T 4- f 3-T ( 2 , 6-diamino-4 1 3HJ -oxopvr imidin-5- 
vlV thio 1 propyl Vbenzovi 1 -S-crlutamat 

4 - ( 3 - [ ( 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5-yl ) thio] propyl ) 
benzoic acid (577 mg) was dissolved in 40 ml of l-methyl-2- 
pyrrolidinone. This mixtur was vigorously stirred and 9 20 
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milligrams of 4-methyl morpholine were added followed by 723 
milligrams of phenyl N-phenylphosphoroamidochloridate in a 
single portion. The mixture was stirred under an argon 
atmosphere at room temperature for 60 minutes followed by the 
addition of 863 milligrams of S-glutamic acid diethyl ester 
hydrochloride. This mixture was left stirring overnight 
under argon 20 hours, then concentrated In vacuo. The 
residue obtained was partitioned between 30 ml of water and 
30 ml of chloroform. The layers were separated and the 
aqueous phase was extracted with 30 ml of chloroform. The 
combined organic extracts were washed with 30 ml of H 2 0 and 
dried over MgS0 4 then concentrated in vacuo to yield a yellow 
gum, which was purified by flash chromotography. Elution 
with 5% methanol in ethyl acetate yielded 212 mg of a white 
solid melting at 78-81°C. 

The following analyses indicated that this material was 
the desired diethyl N-[4-(3-( (2, 6-diamino-4 ( 3H) -oxopyrimidin- 
5yl)thio] propyl) benzoyl ]-S-glutamate. 

NMR(CDC1 3 ) 6 =» 7.67(2H, d, J * 8.1Hz), 7.28 (1H, d, J = 
8.0Hz), 7.16(2H, d, J » 8.1 Hz), 6.64(2H, br s), 5.84(2H, br 
s), 4.78(1H, ddd, J = 5.0, 8.0, 12.8Hz), 4.21(2H, q, J = 
7.1H), 4.09(2H, q, J = 7.1Hz), 2.64(2H, t, J = 7.3Hz), 2.57- 
2.25(4H,m), 2.21-2.09(2H, m) , 1.83(2H, tt, J = 7.0, 7.3Hz), 
1.29(3H, t, J = 7.1Hz), 1.21(3H, t, J = 7.1Hz) 

Anal. (C 23 H 31 N 5 0gS) C,H,N,S 

j. N-f4-(3-r ( 2 , 6-dlamino-4 ( 3H1 -oxopvrimidin-5vl V 
thio 1 propyl ) benzoyl 1 -S-glutamlc acid 

A solution of 192 mg (0.4 mmol) of diethyl N-( 4-( 3-[ ( 2, 6 
thiamino-4 ( 3H ) -oxopyrimidin-5-yl ) thio ] propyl ) benzyl ] -S- 
glutamate in 15 ml of IN NaOH was stirred at room temperature 
for about 70 hours, then neutralized with 6N HC1. The 
precipitate that formed was collected by filtration and 
washed- 3 times- with"10 ml~of ^HjO^yielding ~1 4 7~ mg-~of " at white 
solid which melt d at 205-206 Q C. 



The following analyses indicate that the product was the 
desired N- [ 4- ( 3 - [ ( 2 , 6-diamino-4 ( 3H ) -oxopyrimidin-5yl ) thio ] - 
propyl ) benzoyl J -S-glutamic acid : 

NMR(DMSO-d6) 6 = 12.34(2H, broad), 9.96(1H / broad), 
8.51cm, d, J m 7.7Hz) f 7.76(2H, d, J » 8.2Hz). 7.27(2H, d, J 
= 8.2Hz), 6.29(4H, br s), 4.37(1H, ddd, J = 4.8 7.7, 9.7Hz), 
2.73(2H, t, J - 7.2Hz), 2.43(2H, t, J = 6.9Hz), 2.34(2H, t, J 
= 7.9Hz), 2.11-2.01(1H, m), 1.99-1.89 (1H, m) , 1.69 (2H, tt, 
J - 6.9 > 7.2 Hz) 

Anal. (C 19 H 23 N 5 O g S) C,H,N,S 

EXAMPLE 3 

Synthesis of N-[2-(5-[3-( [2,6-diamino-4(3H)-oxopyrimidin- 
5 - vl 1 thio \ propyl 1 -thienovl n - fS Y-alutarolc acid 

This compound of formula III, wherein A is sulfur, n = 
2, x = -CH 2 -,Ar - 2,5-thienyl, and R x and R 2 = H, was 
synthesized by the following process. 

a) 5 -Bromothloohene- 2 -carboxvl 1c ac id 
To a solution of 5-bromothiophene-2-carboxaldehyde 
(12ml, 19.28g, O.lmol) in acetone (400ml), was added, 
portionwise, KMn0 4 (19.57g, 0.12mol) over a 10 minute 
interval. The mildly exothermic reaction was left stirring, 
with no external temperature control, overnight. The crude 
reaction mixture was filtered and the filter-cake extracted, 
alternately, with IN NaOH (3 x 150ml) and warm water (2 x 
200ml). The combined aqueous extracts were washed with ether 
(100ml), then acidified by addition of cone. HC1. The 
precipitate that formed was collected by filtration to yield 
the product as a yellow solid (17.31g, 83% yield) which 
melted at a 140°C. 

— —The- following analyses- indicate that- the— product*" ~ 

obtained was 5-bromothiophene-2-carboxylic acid: 

NMR(CDC1 3 ) 6 » 7.64(1H, d, J = 4.0Hz), 7.12(1H, d, J = 
4.0Hz) 
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Anal. (C 5 H 3 0 2 SBr) C,H,S,Br 

b) Methyl 5 -bromothiophene- 2 -carboxvla te 

A solution of 5-bromothiophene-2-carboxylic acid (17. 6g, 
85 mmdff) in ether (200ral) was combined with an ether solution 
containing excess diazomethane. The excess CH 2 N 2 was 
consumed by addition of glacial acetic acid and the resultant 
solution was dried over K 2 C0 3 and M 9?°4' then concentrated, 
in vacuo, to provide the product as a yellow solid (18.72g, 
100% yield) mp 58°-59° 

The following analyses indicate that the product was 
methyl 5 -bromo thiophene- 2 -carboxy lat e : 

NMR(CDC1 3 ) 6 m 7.55(1H, d, J » 4 . 0Hz ) , 7.07(1H, d, J = 
4.0Hz) , 3.87(3H, s) 

Anal. (C 6 H 5 0 2 SBr) C,H,S,Br 

c) Methvl 5- ( 3-hvdroxvpropvnvl ) thlophene-2-carboxvlate 
This product was prepared using the procedure described 

in Example 2(b). From 11.05 grams (50 mmol) of methyl 5- 
bromothiophene-2-carboxylate there was obtained 7.41 grams 
(76% yield) of a yellow solid melting at 66 to 68°C. 

The following analyses indicate that the product was 
methyl 5- ( 3-hydroxypropynyl ) thiophene-2-carboxylate : 

NMR(CDC1 3 ) 6 - 7.64(1H, d, J - 3.9Hz), 7.15(1H, d, J » • 
3.9Hz), 4.52(2H / broad) f 3.88(3H f s), 1.84(1H, broad) 

Anal. (C 9 Hg0 3 S) C,H,S 

d) Methvl 5- 1 3 -hydro xvp ropy 1 ) thibphene-2-carboxvlate 
To a solution of methyl 5-( 3-hydroxypropynyl) thiophene- 

2-carboxylate, (7.41g, 38 mmol) in THF (140ml) was added 
2, 4, 6-triisopropylbenzenesufonyl hydrazide (96.13g, 0.32mol) 
in four portions at 90 minute intervals. After the reaction 
had been heated at reflux for a total of 6.5 hours, the 
s 31 vent was removed ~l^^concen£r a€XSh / in Va cuo I The res idue 
obtained was partitioned betw n 0.5N NaOH (700ml) and ether 
(500ml). The lay rs were separated and the aqueous phase 
extracted with ether (250ml). Th combined organic extracts 



were washed with 0.5N NaOH (2 x 150 ml), dried over Na^SO, 

. 2 4 

and concentrated, invacuo, to give an oil which was purified 

by flash chromatography. Elution with hexane/EtOAc (2:1) 

yielded the product as a yellow oil (3.67g.48% yield). 

The following analyses indicate that the product was 
methyl 5-(3-hydroxypropyl)thiophene-2-carboxylate: 

NMR(CDC1 3 ) 6 = 7.64(1H, d, J - 3.8Hz), 6.82(1H, d, J = 
3.8Hz), 3.86(3H, s), 3.71(2H, t, J - 6 . 2Hz ) , 2.96(2H, t, J = 
7.6Hz), 1.96(2H, tt, J - 6.2, 7.6Hz) 

Anal. (C 9 H 12 0 3 S) C,H,S 

e) Methyl 5-( 3-bromopropyl ) thiophene-2-carboxylate 
This product was prepared using the procedure described 

for Example 2(d). Prom 3.67 grams (18.3 mmol) of methyl 5- 
( 3-hydroxypropyl) thiophene-2-carboxylate there was obtained 
4.56 grams (95% yield) of a yellow oil. 

The following analyses indicate that that product was 
methyl 5-(3-bromopropyl)thiophene-2-carboxylate: 

NMR(CDC1 3 ) 5 =* 7.64(111, d, J = 3.7Hz, 6.85(1H, d, J = 
3.7Hz) .3.86(3H, s),3.43(2H, t, J = 6.4Hz, 3.03 (2H, t, J - 
7.2Hz), 2.22 (2H, tt, J = 6.4, 7.2Hz) 

Anal. (CgHjjOjSBr) C,H,S,Br 

f ) Methyl 5-f 3- f acetyl thio ) propyl! thlophene-2- 
carboxvlate 

This product was prepared using the procedure described 
for Example 2(e). From 5.01 grams (19mmol) of methyl 5-(3- 
bromopropyl)thiophene-2-carboxylate there was obtained 4.54 
grams (92% yield) of a yellow oil. 

The following analyses indicate that that product was 
methyl 5-[ 3- (acetylthio) propyl Jthiophene-2-carboxylate; 

NMR(CDC1 3 ) 6 =7.63(1H, d, J - 3.7Hz), 6.81(1H, d, J 
- 3.7Hz), 3.86(3H, s), 2.91 (4H, t, J = 7.3 Hz), 2.34 (3H, 
s')7^i^'97^(2H7 pentet," y =~ 7 .~3Hz )™ 

Anal. ( c n^i^0 3 S 2 ) C,H,S 




-24- 

g) Methyl 5-/ 3-thiopropyl ) thiophene-2-carboxylate 
This product was prepared using the procedure described 

for example 2 (f ) . From 4.29 grams (16.6 mmol) of methyl 5- 
[ 3 - (acetyl thio ) propyl ] thiophene- 2-carboxylate there was 
obtained 3.35 grams (93% yield) of an orange-colored oil. 

The following analyses indicate that that product was 
methyl 5-( 3-thiopropyl ) thiophene- 2 -carboxy la t e : 

NMR(CDC1 3 ) 6 = 7.63(1H, d, J = 3.7Hz), 6.81(1H, d, J 
« 3.7Hz) f 3.86(3H, s), 2.98(2H, t, J * 7 . 4 Hz ) , 2 . 57 ( 2H, dt, J 
= 8.0, 7.1Hz), 1.99(2H, tt, J - 7.1, 7.4Hz), 1.36<1H, t, J = 
8.0Hz) 

Anal. (C g H 12 0 2 S 2 ) C,H,S 

h) Methvl 5-f3-f ( 2 . 6-dlamino-4 ( 3H 1 -oxopvrimidin-5- 
yll thiol propyl ) thiophene- 2 -carboxylate 

This material was prepared using the procedure described 
in example 2(g). From 3.03 grams (14 mmol) of methyl-5-(3- 
thiopropyl)thiophene-2-carboxylate there were obtained 1.88 
grams (44% yield) of an off-white solid melting at 196°C 
( dec . ) . 

The following analyses indicate that the product was 
methyl 5- ( 3-[ ( 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5-yl ) thio ] - 
propyl) thiophene- 2 -carboxylate. 

NMR(DMS0-d6) 6 » 9.96 (1H, br s), 7.61(1H, d, J « 
3.8Hz), 6.93(1H, d, J ■■ 3 . 8Hz ) , 6.29(4H, broad), 3.77(3H, s), 
2.97(2H, t, J = 7.5Hz), 2.45(2H, t, J = 6.8Hz), 1.74(2H, tt, 
J ~ 6.8, 7.5Hz) 

Anal. (C 13 H 16 N 4 0 3 S 2 ) C,H,N,S 

i) 5-f 3-f {I* 6-Diamino-4 ( 3H1 -oxopvr imidin- 5 - 
vl ) thio 1 propyl thiophene- 2 -carboxyllc acid 

This material was prepared using the procedure described 
for example 2 (h). By saponification of 1.7 grams (5 mmol) 
c^lnethy^ 

yl ) thio ] propyl ) thiophene- 2 -carboxylate there was obtained 



1.53 grams (94% yield) 5- ( 3- [ ( 2 , 6-diamino-4 ( 3H) -oxopyrimidin- 
5-yl ) thio] propyl ) thiophene-2-carboxylic acid as a yellow 
powder melting at 254°C (dec). 

The following analysis indicate that that product was 
the 5^3-[ ( 2 , 6-diaraino-4 ( 3H) -oxopyrimidine-5yl ) thio ] propyl ) 
thiophene-2-carboxylic acid: 

:■ NMR(DMS0-d6) 6 = 12.86(1H, broad), 10.02(1H, broad ) , 
7.53(1H, d,J 3.7Hz), 6.89(1H, d> J = 3.7Hz), 6.30(4H, br, 
s), 2.95(2H, t, J =• 7.4Hz), 2.46(2*; t, J =' 6.9Hz), (1.73 
(2H, tt, J =6.9, 7.4 Hz) 

Anal. (C 12 H 14 N 4 0 3 S 2 .0.5H 2 0) C,H,N,S 

j) Diethyl N-f 2- ( 5-f 3- f f 2 . 6-diamino-4 ( 3H\ - 
oxopvrimidin- 5-vl 1 thio > propyl 1 thienovl \ 1-S-alutamate 

This product was prepared using the procedure described 
for example 2(i) . From 1.31 grams (4 mmol) of 5-(3-[ (2,6- 
diamino-4 ( 3H) -oxopyriidin-5-yl ) thio ] propyl ) thiophene-2- 
carboxylic there was obtained 879 mg (43% yield) of diethyl 
N- [ 2- ( 5-( 3-( ( 2 , 6-diamino-4 ( 3H ) -oxopyrimidin-5 -yl ] thio ) propyl ] 
thienoyl-S-glutamate as an off-white solid melting at 136- 
138°C. 

The following analyses indicate that that product was 
diethyl N-[2-(5-[3-( [ 2 , 6-diamino-4 ( 3H) -oxopyrinidine-5- 
yl [ thio ) propyl ] thienoyl ) ] -5-glutamate . 

NMR (CDC1 3 ) . 6 = 11.24 (1H, brs) 7.36 (1H, d, J = 
3.7Hz), 7.02 (1H, d, J =» 7.8 Hz), 6.72 (1H, d, J = 3.7 Hz), 
6.29 (2H, broad), 5.55 (2H, broad), 4.72 (1H, ddd, J - 4.8, 
7.8, 12.6 Hz), 4.22 (2H, q, J = 7.1 Hz), 4.10 (2H, q, J = 7.1 
Hz), 2,89 (2H, t, J - 7.2Hz), 2.55 (2H, t, J * 7.0Hz), 2,45 
(2H, t, J - 7.2Hz), 2.34 - 2.22(1H, m), 2.18 - 2.08 (1H, m) , 
1.89 (2H, pentet, J = 7 . 2Hz ) , 1.29 (3H, t, J * 7.1Hz). 

Anal. (C 21 H 29 NgOgS 2 ) C,H,N,S . 

— j^-y N-r:2^T5^r 3-7 r 22S^^M^^£XISJ^^^sM^^^S£r ~~ ~~ 

yl 1 thio ) propyl 1 thienoyl vr-S-olutamic acid 

This product was prepared using the procedure described 
for example 2( j) . Saponification of 716" mg (1.4 mmol) of 



diethyl N- [ 2- ( 5- ( 3- ( [ 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5- 
yl]thio) propyl] thienoyl ) ] -S-glutamate yielded 558 mg (87% 
yield) of a yellow powder melting at 171 to. 173 °C. 

The following analyses indicate that that product was 
N- [ 2- (If- [ 3- ( [ 2 , 6-diamino , 4 ( 3H ) -oxopyrimidine-5-yl ] thio ) - 
propyl ] thionoyl ) ] -S-glutamic acid : 

NMR(DMS0-d6) 6 = 12.41(2H, broad), 10.09(1H, broad)/ 
8.49(1H, d, J = 7.7Hz), 7.66(1H, d, J = 3.6Hz), 6.85(1H, d, J 
* 3.6Hz), 6„39(4H, broad), 4 . 36-4 . 28 ( 1H, m) , 2,92(2H, t, J = 
7.2Hz), 2>4S(2H, t, J = 6.8Hz), 2.32(2H, t, J = 7,3Hz), 2.11- 
2.00(1H, m), 1.95-1.83(1H, m), 1.73(2H, tt, J = 6.8, 7.2Hz) 

Anal. (C 17 H 21 N 5 OgS 2 *O.3H 2 0) C,H,N,S 

EXAMPLE 4 

Synthesis of N-[ (4-[2-( [2,6-diamino-4(3H)-oxopyrimidin- 
5-vl ] thio ) ethvl 1 thio ) benzoyl 1 -S-qlutamlc acid 

This compound of formula III, wherein A is sulfur, n = 
2, x = S, Ar =» 1,4-phenylene-, and Rj^ and R 2 = H, was 
synthesized via the following process. 

a) 4 - r 2 r ( t-butvldlmethvlsilvloxv ) ethvl 1 thio 1 benzoic 
acid and methyl 4 - r Y 2-hvdroxvethvl 1 thio ) benzoate 

A solution of 4-mercaptobenzoic acid (5.09g; 33mmol)in 
DMF (60ml) was added to a slurry of 60% NaOH (2.64g, 66mmol) 
in DMF (60ml) under argon at 0°C. This mixture was stirred 
at 0°C _ for 90 minutes prior to the dropwise addition of a 
solution of l-(tert.-butyldimethylsilyloxy)-2-iodoethane 
(8.59g, 30ramol) in DMF (30ml). The resultant reaction 
mixture was stirred for 3 hours at room temperature, then 
poured over a mixture of 0.5N HC1 (70ml) and ice (200g) and 
diluted with water (500ml). The precipitate that formed was 
collected ~by i filtration to give a ~p" ach-c6l6r d solid ~ ( 9 . 2 8g7 
99% yield) which was used without further purification. 

Th abov product 4-J2[ (t-butyldimethylsilyloxy) - 
ethyljthio] b nzoic acid (8.75g, 28mmol) was dissolved in 



CH 3 OH (300ml) containing cone* H 2 S0 4 (3ml) and this solution 
was refluxed overnight. The solvent was removed by 
concentration, in vacuo, and the residue was partitioned 
between saturated NaHC0 3 (300ml) and ether (300ml). The 
layer^'Vere separated and the aqueous phase extracted with 
EtOAc (200ml). The combined organic extracts were dried over 
Na 2 S0 4 and concentrated, in vacuo, to give an orange gum 
which was purified by flash chromatography. Elution with 
hexane/EtOAc (2:1) yielded the product as a white solid 
(3.53g, 39% yield) which melted at 58°C. 

The following analyses indicate that that product was 
methyl 4- ( 2-hydroxyethyl) thio benzoate* 

NMR(CDCL 3 ) $ - 7.94(2H, d, J « 8.5Hz), 7.36(2H, d, J - 
8.5Hz), 3.90(3H, s), 3.83(2H, q, J = 6.1Hz), 3.21 (2H, t, J . - 
6.1Hz), 1.96(1H, t, J 6.1Hz) 

Anal. (C 10 H 12 O 3 S) C,H,S 

b) Methyl 4-r ( 2-bromoethvl ) thio 1 benzoate 

This product was prepared according to the procedure as 
described for example 2(d). From 1.06 grams (5 mmol) of 
methyl 4- [ (2-hydroxyethyl ) thio] benzoate, there was obtained 
1.34 grams (97% yield) of a white solid melting at 77-78 °C. 

The following analyses indicate that that product was 
methyl 4 - [ ( 2 -brome thyl ) thio ] benzoate : 

NMR(CDC1 3 ) 6 =» 7.97(2H, d, J - 8.5Hz), 7.35(2H, d, J - 
8.5Hz), 3.91(3H, s), 3.53-3.46(2H, m), 3 . 42-3 . 36 ( 2H, m) 

Anal. (C^H^OjSBr) C,H,S,Br 

c) Methvl 4- ( r 2- ( acetyl thio ) ethvl 1 thio ) benzoate 
This product was prepared according to the procedure 

described for example 2(e). From 1.24 grams (45 mmol) of 
methyl 4- [ (2-bromoethyl) thio] benzoate there was obtained 
1.17g (96% yield) of a yellow solid melting at 62-63°C. 

™ — The following analyses indicat s that- the- product was- 

methyl 4- ( [ 2-(ac tylthio) thyl] thio )b nzoate: 

NMR(CDC1 3 ) 6 = 7.96(2H, d, J = 8.6Hz), 7.39(2H, d, J 
8.6Hz), 3.90(3H, s), 3 . 19-3 . 09(4H, m), 2.36(3H, s) 



Anal. (C 12 H 14 0 3 0 3 S 2 ) C^S 

d) Methyl 4-f ( 2-mercaptoethvl ) thiol benzoate 

This product was prepared according to the procedure 
described for example 2(f ). From 2.35 grams (8.7 mmol) of 
methyl^4-( [ 2- (acetyl thio) ethyl ] thio) benzoate there was 
obtained 1.9 2. grams (97% yield) of a yellow solid melting at 
51°C. 

The following analyses indicate that that product was 
methyl 4-[ (2-mercaptoethyl) thio] benzoate: 

NMR (CDC1 3 ) S = 7.94(2H, d, J « 8.5Hz)> 7.32(2H, d, J 
* 8.5Hz), 3.90(3H, 8), 3.22(2H,t, J =7. 2Hz), 2.79 (2H> dt f J 
= 8.3, 7.2Hz) , 1.73 (1H, t, J = 8.3Hz) 

Anal. (C 10 H 12 O 2 S 2 ) C,H,S 

e) Methvl 4-f ( 2-T j 2 , 6-diamiho-4 j 3 H l-oxopvrlmidln-5- 
vl ) thio 1 ethvl ) thio } benzoate 

This product was prepared according to the procedure 
described for example 2(g). From 2.51 grams (11 mmol) of 
methyl-4-( [2-acetylthio)ethyl]thio)benzoate there was 
obtained 1.96 grams (56% yield) of a white solid melting at 
219-221°C. 

The following analysis indicate that that product was 
methyl 4-[ (2-[ (2 / 6-diamino-4(3H)-oxopyrimidin-5-yl)thio]- 
ethyl) thio] benzoate i 

NMR(DMS0-d6) 6 - 10.08(1H / br, s), 7.81(2H, d, J '« 
S.SHz^ 7.29(2H, d, J = 8.5Hz), 6. 39 (4H, broad), 3.82(3H, s), 
3.16(2H, t, J = 7.9Hz), 2.66(2H, t, J =* 7.9Hz) 

Anal. (C 14 H lg N 4 0 3 S 2 *O.9H 2 0) C,H,N,S 

f ) 4- r ( 2- f ( 2 , 6-diamlno-4 ( 3H ^ -oxopvrimidln-5vl \ 
thiol ethvl) thiol benzoic acid 

This product was prepared using the procedure described 
for"" example 2(h) . Sapbntt icatibh of 177 6 grams ( 5mmol j T of 
methyl4-[ ( 2-( ( 2 , 6-diamino-4 ( 3H)oxopyrimidin-5-yl ) thio] ethyl ) - 
thipjbenzoate yielded 1.57 grams (93% yield) of a white solid 
m Iting at 273-275°C (decomposed) . 
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The following analyses indicate that that product was 
4 ~C ( 2 ~( (2,6-diaraino-4(3H)-oxopyriraidin-5yl) thio] ethyl )thio] 
benzoic acid: 

NMR(DMS0-d6) S = 10.11(1H, br, s), 7.79(2H / d, J = 
8.5Hzfi 7.26(2H, d, J = 8.5Hz), 6.40(4H, broad), 3.15(2H, t, 
J = 7.8Hz), 2.66(2H, t, J = 7.8Hz) 

Anal. (C 13 H 14 N 4 0 3 S 2 ) C,H,N,S 

9) Diethyl N- f ( 4- r 2-< r 2 , 6-diamino-4 ( 3H1 -oxopvr tmi ri i n- 
5 yJLJ thi o Vethvll thio \ benzoyl! -S-olutamate 

This product was prepared using the procedure described 
for example 2 (i) . From 1.36 grams (4 mmol) of 4-[(2-[(2,6- 
diamino-4 ( 3H ) -oxopyrimidin-5-yl ) thio ] ethyl ) thio ] benzoic acid 
there was obtained 905 mg (43% yield) of an off-white solid 
melting at 87 to 89 °C. 

The following analyses indicate that that product was 
diethyl [ ( 4- [ 2- ( [ 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5yl ] thio ) - 
ethyl ] thio ) benzoyl ] -S-glutamate * 

NMR(CDC1 3 ) 6 = 11.18(1H, br, s), 7.65(2H, d, J = 
8.4Hz), 7.38(1H, d, J = 7.9Hz), 7.22(2H, d, J = 8.4Hz), 
6.54(2H, broad), 5.67(2H, broad), 4.77 (1H, ddd, J - 4.8, 
7.9, 12.7Hz), 4.21(2H, q, J =» 7.1Hz), 4.08(2H, q, J - 7.1Hz), 
3.10(2H, t, J = 7.5Hz), 2.70(2H, t, J = 7.5Hz), 2.62-2.40( 2H, 
m), 2.37-2.24(lH, m) , 2.21-2.09(1H, m), 1.29(3H, t, J = 
7.1Hz), 1.21(3H, t, J = 7.1Hz) 

Anal. (C 22 H 2g N 5 0 6 S 2 ) C,H,N,S 

h) N-f (A-t 2-(t2. 6-diamlno-4r3H^oXopvrimidln-5-vl 1 
thio 1 ethyl 1 thio \ benzovl-S-alutamic acid 

This product was prepared using the procedure described 
for example 2 (j). From 649 rag (1.2 mmol) of the 
corresponding diethyl ester, there was obtained 529 mg (91% 
yield) of a white solid melting at 161-162°C (dec). 

The following analys s indicate that that product was 
N-[ (4-[2-( [2,6-diamino-4(3H)-oxopyrimidin-5-yl]thio)ethyl)- 
thio)b nzoyl]-S -glutamic acid: 



NMR ( DMSO-d6 ) 6 » 12.39(2H, broad), 10.22(1H, broad), 
8.58(1H, d, J = 7.7Hz), 7.78(2H, d, J = 8.4Hz), 7.28(2H, d, J 
= 8.4Hz) , 6.56(2H, broad ) , 6 . 4 4 ( 2H , broad ) , 4.37(1H, ddd, J = 
4.9, 7.7, 12.6Hz) , 3 . 14 ( 2H, t, J = 7.8Hz) , 2.66 (2H, t, J m 
7.8Hz) ( ^ 2.3A(2H, t, . J = 7.4 Hz), 2.13 - 2.03 (1H, m) , 2.01 - 
1.87 (1H, m) ) 

Anal. (C 18 H 21 N 5 0gS 2 . 1.8HC1) C,H,N,S 

EXAMPLE 5 

Synthesis of N-[4-(N-[ 2-( [2 , 6-diamino-4 ( 3H) -oxopyrimidin- 
5 -vllthiolethvll amino) benzoyl 1-S-alutamic acid 

This compound of formula III, wherein A is sulfur, n = 

- 

2, x =-NH-/ Ar = 1 , 4-phenylene-, and Rj^ and R 2 = H, was 
synthesized via the following process. 

(a) methvl 4-YN- f 2- (tert . -butvldimethvlsilvloxv) ethvl 1 - 
amino) benzoate 

To a solution of 1 - ( tert . -butyldimethyls ilyloxy ) - 2 - 
iodoethane (45. lOgm, 160mmol) in DMF (50mL) was added methyl 
4 -aminobenzoate (4.54501/ 30nrmol) and diisopropylethylamine 
(6mL/ 34mmol). This solution was heated at 95° for 
approximately 21 hours. The solvent was removed by 
concentration/ In vacuo, and the residue obtained was 
partitioned between CHjClj (150mL) and water ( 150mL) . The 
layers were separated and the aqueous phase extracted with 
CH 2 Cl2— { 150ml* ) . The combined organic extracts were washed 
with 10% N *2 S 2°3 ( 120mL) , dried over Na 2 S0 4 and concentrated/ 
in vacuo, to give an orange oil which was purified by flash 
chromatography. Elution with hexane : EtOAc (9:1) provided 
the product as a colorless oil (3.85gm/ 41% yield) . 

The following analyses indicated that the product was 

methyl 4 - ( N- [ 2- ( tert . -butyldimethylsilyloxy) ethyl ] - _ [ _ 

amino ) benzoate : 



NMR(CDCL 3 ) 6 = 7.86(2H, d, J = 8.8Hz), 6.57(2H, d, J = 
8.8Hz), 4.48(1H, broad), 3.85(311, s), 3.82(2H, t, J = 5.2Hz), 
3.27(2H, q, J = 5.2Hz), 0.90(9H, s), 0.06(6H, s) 

Anal. (c lg H 27 N0 3 Si) C,H,N 

(b) methvl 4- r N-Y 2-h vdroxvethvl ) amino 1 benzoate 

A 1.0M solution of tetrabutylammonium fluoride in THF 
(30mL, 30mmol) was added to a solution of methyl 4-(n-[2- : 
(tert. -butyldimethylsilyloxy) ethyl] amino Jbenzoate (3.67gm, 
12mmol) in THF (50mL)- This mixture was stirred for 18 hours 
at ambient temperature, then diluted with water (lOOmL) and 
extracted with fether (2 x 75mL) and EtOAc (75mL). The 
combined organic extracts were washed with brine (90mL), 
dried over Na 2 SO> 4 and concentrated, in vacuo, to give a 
yellow gum which was purified by flash chromatography. 
Blution with hexane: EtOAc (1:1) yielded 2.10gm (91%) of 
product as a white solid melting at 116° to 117°. 

The following analyses indicated that the product was 
methyl 4-[N- ( 2-hydroxyethyl ) amino ] benzoate : 

NMR(CDCL 3 ) S =* 7.85(2H, d, J = 8.8Hz), 6.58(2H, d, J = 
8.8Hz), 4.52(1H, broad), 3 . 89-3 . 83( 5H, m), 3.34(2H, q, J = 
5.2Hz), 1.98(1H, t, J « 5.1Hz) 

Anal* (C 1Q H 13 N0 3 ) C,H,N 

(c) methvl 4 - ( N- r 2- ( acetvlthlo 1 ethvl 1 amino ) benzoate 
A solution of triphenylphosphine (7.34gm, 28mmole) in 
THF (60mL) was cooled to 0 P . Diethyl azidodicarboxylate 
(4.4mL~28mmol) was added to this solution which was stirred 
at 0° for 30 minutes. To this mixture was added a solution 
of methyl 4-[N-( 2 -hydroxye thy 1) amino] benzoate (2.73gm, 
14mmol) and thiolacetic acid (2.0mL, 28mmol) in THF (30mL). 
The resultant mixture was stirred at 0° for 45 minutes, then 
for an additional 2 hours at ambient temperature. The 
solvent" was'~theiT r^ov^^by^coheentra'tio vaciidY and" the H 

r sidue obtained was purified by flash chromatography. 
Elution with hexane: EtOAc(4:l) yielded 1.87gm (53%) of 
product as a whit solid jp Iting at 90° to 91°. 



The following analyses indicated that the product was 
methyl 4- ( N- [ 2- ( acetyl thio ) ethyl ] amino ) benzoate : 

NMR (CDCL 3 ) 5 = 7.86(2H, d, J = 8-8Hz), 6.58(2H, d, J = 
8.8Hz), 4.47(1H, t, J = 6.5Hz), 3.84(3H, s), 3.39(2H, q, J 
6/5Hz)Tr 3.10(2H, t, J 6.5Hz), 2.37(3H, s) 

Anal. (C 12 H 15 N0 3 S) C,H,N,S 

(d) methvl 4- f N- ( 2-thioethvl ) amino 1 bemsoate 

To a solution of methyl 4-(N-[2- 
(acetyl thio) ethyl] amino) -benzoate (1.95gm, 7.7mmol) in 
methanol (40mL) was added 15mL of 2N NaCl. This mixture was 
heated at reflux for 18 hours , then diluted with saturated 
NaHC0 3 (75mL) and ether (75mL). The layers were separated 
and the aqueous phase was extracted with ether (2 x 60mL). 
The combined organic extracts were dried over Na 2 S0 4 and 
concentrated, in vacuo, to give a colorless oil which was 
purified by flash chromatography. Elution with CH 2 C1 2 : 
hexane (4:1) yielded 1.17gm (72%) of product as a white solid 
melting at 46° to 47° 

The following analyses indicated that the product was 
methyl 4- [ N-2 ( -thioe thy 1) amino] benzoate* 

NMR(CDCL 3 ) 6 = 7.87(2H, d, J = 8.8Hz), 6.59(2H, d, J = 
8.8Hz), 3.85(3H, s),3.41(2H, t, J 6.4Hz), 2.78(2H, dt, J = 
8.3, 6.4Hz), 1.42(1H, t, J = 8.3Hz) 

Anal. (C 10 H 13 NO 2 S) C,H,N,S 

(o) methvl 4-fN-/ 2-F ( 2 . 6-diamino-4 ( 3H 1-oxoDvrimidin-5- 
vl 1 thio 1 ethvl ) amino 1 benzoate 

This material was prepared using the procedure described 
in example 2(g). From 1.96gm (9.3mmol) of methyl 4-[N-(2- 
thioethyl) amino] benzoate there were obtained 916mg (29%) of 
a beige solid melting at 253° (dec.) 

The following analyses indicated that the product was 

methyl ~4-[N-( 2^ - 

yl ) thio ] ethyl ) amiono ] benzoate : 



NMR ( DMSO-d 6 ) S = 10.11(1H, s), 7.66(2H, d, J = 8.7Hz), 
6.55(2H, d , J = 8.7Hz), 6.43(2H, broad), 6.36(2H, br s), 
3.72(3*, s), 3.16(2H, t, J - 6.4Hz), 2.59(2H, t, J - 6 . 4Hz ) 

A" 31 - (C 14 H 17 N 5 O 3 S.0.1HlO.0.6H 3 OH) C,H,N,S 

(f ) 4-TN-f 2- f 2 ♦ 6-diamino-4 ( 3H1 -oxopvrimidin-5- 
vl 1 thio 1 ethvl \ amino 1 benzoic acid 

This material was prepared using the procedure described 
in ejcaraple 2(h). From 838mg (2.5mmol) of methyl 4-(N-(2[2,6- 
diamino-4 ( 3H ) -oxopyrimidin-5 -yl ) thio ] ethyl ) amino ] benzoate 
there were obtained 786mg (98%) of an off-white solid melting 
at 263° (dec. ) 

The following analyses indicated that the product was 4- 
[ N- (2-1(2, 6-diamino-4 ( 3H ) -oxopyriraidin-5-yl ) thio ] ethyl ) - 
amino J -benzoic acidt 

NMR(DMS0-d6) 6 - 11 . 34 ( 1H, broad) , 7.93(2H, broad), 
7.65(2H, d, J 8.7Hz), 7. 31 (2H, broad), 6.55(2H, d, J = 
8.7Hz), 3.20(2H, t, J = 6.7Hz), 2.65(2H, t, j = 6.7Hz) 

Anal. (C 13 H 15 N 5 0 3 S.1.1 HC1) C,H,N,S 

(g) diethyl N-T4-fN-r2-f rdlamino-4f 3Hy-oxopvrimidin-5- 
vl 1 thio ) ethvl 1 amino 1 benzoyl 1 -S-olutamate 

This material was prepared using the procedure described 
for example 2(i). From 707mg (2.2mol) of 4-£N-( 2-[ ( 2,6- 
diamino-4 ( 3H ) -oxopyrimidin-5-yl ) thio ] ethyl ) amino ] benzoic 
acid there were obtained 215mg (19%) of a white solid melting 
at 173°^174° 

The following analyses indicated that the product was 
diethyl N-C4-(N-[ 2-( [ 2-( [ 2, 6-diamino-4 ( 3H)-oxopyrimidin-5- 
yl J thio ) ethyl ] amino ) benzoyl ) -S-glutamate * 

NMR ( DMSO-d 6 ) S : - 10.11(1H, s), 8.23(1H, d, J - 7.3Hz), 
7.63(2H, d, J =» 8.6Hz), 7.08(1H, broad), 6.54(2H, d, J = 
8.6Hz), 6.42(2H, br s), 6.36(2H, br s), 4.35(1H, ddd, J = 

5T6 , 7 .'3 r "12". 8Hz )~; ~4 707 ( 2H> q, J~= 7 rOHz )7 A . 03 ( 2H7-q,' -J-» 

7 .0Hz) ,3.16(2H, t, J - 6.4Hz), 2.59(2H, t, J = 6.4Hz), 
2.40(2H, t, J - 7.4Hz), 2.09-1.91(2H, m) , 1.17(3H, t, J = 
7.0Hz), 1.15(3H, t, J - 7.0Hz) 
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Anal. (C 22 H 3() N 6 OgS.0.6 CH 3 OH) C,H,N,S 

(h) N- f 4- ( N- r 2-f T 2 , 6-dlamlno-4f 3H Woxopvrimidin-5- 
vl Ithio^ethvll amino) benzoyl! -S-olutamic acid 

This material was prepared using the procedure described 
for example 2(j). From 17 Sing (0.35mmol) of diethyl n-(4-(N- 
[ 2- ( [ 2 , 6-diaraino-4 ( 3H) -oxopyrimidin-5-yl ] thio ) ethyl ] amino ) - 
benzoyl ]-S-glutamate there were obtained 115mg (75%) of a 
white solid melting at 227° to 228° (dec.) 

The following analyses indicated that the product was N- 
( 4 _ (N- [ 2- ( [ 2 , 6-diamino-4 ( 3H ) -oxopyrimidin-5-yl ] thio ) ethyl ] - 
amino) benzoyl ]-S-glutamic acid: 

NMR ( DMS0-d6 ) 6 - 12.25(2H, broad), 10.09 (1H, broad), 
8.09(1H, d, J = 7.7Hz), 7.61(28,' d,' J » 8.6Hz), 6.51(2H, d, J 
= 8.6Hz), 6.42(2H, br s), 6.35(2H, br s), 4.30(1H, ddd, J - 
5.3, 7.7, 12.6Hz), 3.13(2H, t, J •- 6.4Hz), 2.56(2H, t, J * 
6.4Hz), 2.29(2H, t, J » 7.3Hz), 2 . 05-1. 95 ( 1H, m) , 1.93- 
1.83(1H, m) 

Anal. ( C 1 8 H 22 N 6°6 S) C ' H ' N ' S 

BXAMPLg fi 

N- r 5- ( 3-f 2 . 6-DiATn t po-4, { 3m -oxoovrimldin-5-vl \ 
thlolpropvl 1 -3-methvl-thleno-2- vl1 -L-olutamic acid 



(a) 2- f ( 5-Bromo-3-methvl-thiophene- 2-carbonvl \ -amino 1 
-glg^aa is acid diethyl ester 




3 = 1 



-35- 




To a stirred solution of 10.86 g (49.1 mmol) of 
5-Bromo-3-methyl-thiophene-2-carboxylic acid (prepared 
according to D. Spinelli, JCS Perkin Trans. II, 1972, 1866), 
6.97 g (51.6 mmol) of 1-Hydroxybenzotriazole hydrate, 9 . 0 mL 
(51.7 jjuqoI) of diisopropylethylamine and 12.36 g (51.6 nunol) 
of L-glutamic acid diethyl ester hydrochloride in 70 mL of 
DMF. was added 9.89 g (51.6 nunol) of 1- ( 3-Diraethylamino- 
propyl)-3-ethyl-carbodiimide hydrochloride. The reaction 
mixture was stirred under Argon for 18 hours, poured into H O 
and extracted with ethyl acetate. The organic layer was 
washed sequentially with 0.5 N HC1, saturated NaHC0 3 soln and 
saturated NaCl soln, dried over MgS0 4 , then concentrated 
under reduced pressure. This residue was purified by flash 
chromatography on silica gel eluting methylene chloride-ethyl 
sj acetate (20tl). In this manner, there was obtained 19.70 g 

l| (99%) of the desired product as a colorless oil. 

SSj IR (neat) 3329, 2982, 1738, 1651,1545, 1514, 1417, 1377, 

1258, 1206 cm^ 1 . 

'H NMR (CDC1 3 ) 6 1.24 (3H, t, J » 7.1 Hz), 1.30 (3H, t, 
J - 7.1 Hz), 2.04-2.45 (4H, m) , 2.48 (3H, s), 4.12 (2H, q, J 
= 7.1 Hz), 4.23 (2H, q, J = 7.1, Hz), 4.71 (1H, ddd, J =12.3, 
7.2, 4.8 Hz), 6.56 (1H, d, J - 7.3 Hz), 6.87 (1H, s). 
Anal. (calc. for C 15 H 2Q BrN0 5 S) ; C, H, Br, N, S. 

(b) 2- / f 5- ( 3 -Hvdroxv-DroD- 1 -vnvl \ -3-mQthvl-thlo- 
phene-2 -carbonvl 1 -amino \ -glutamic acid diethyl ester 



Hi 

sM 

a 

Lib 
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To a stirred solution of 13.73 g (33.8 mmol) of br6mide 
6(a) and 2.36 mL (40.5 mmol) of propargyl alcohol in 170 mL 
of diethylamine was added 0.47 g (0.7 mmol) of 
bis(triphenylphosphine) palladium (II) chloride and 0.13 g 
(0.7 mmol) of cuprous iodide. The reaction mixture was 
stirred under Argon for 18 hours. The volatiles were 
evaporated under reduced pressure and the brown residue was 
purified by flash chromatography on silica gel eluting 
methylene chloride-ethyl acetate (9;1). In this manner, 
there was obtained 12.36 g (96%) of the desired product as a 
yellow oil. 

IR (neat) 3366, 2982, 2250, 1738, 1640, 1545, 1516, 
1445, 1377 cm" 1 . 

'H NMR (CDC1 3 ) S 1.24 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 
J =» 7.1 Hz), 1.80 (1H, broad t), 2.04-2.46 (4H, m), 2.47 (3H, 
s), 4.12 (2H, q, J =» 7.0 Hz), 4.24 (2H, q, J =» 7.1 Hz), 4.50 
(2H, d, J = 5.2 Hz), 4.73 (1H, m) , 6.63 (1H, d, J - 7.3 Hz), 
6.96 (1H, s). 

Anal. (calc. for C 18 H 2 3NOgS); C, H, N, S. 

(c) 2-4 r 5- ( 3-Hvdroxv-propvl ) -3-methvl-thio- 
phene-2-carbonvll -amino V-qlutamlc acid diethyl ester 




A Parr flask containing 10.32 g (27.1 mmol) of alkyne 
6(b), 4.00 g of 5% Pd/C and 150 mL of ethanol was shaken 
under 45 psi of hydrogen for 2 hours. The reaction mixture 
was filteriBd through a pad of C lit and th f iltrate was - 
cone ntrated under reduced pr ssure. In this manner, there 
was obtained 9.80 g (94%) of th desired product as a 
colorless oil. 
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(neat) 3354, 2980, 2930, 1732, 1634, 1514, 1447, 

1377cm" 1 

'H NMR (CDC1 3 ) S 1.23 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 
J = 7.1 Hz), 1.93 (2H, pentet, J = 7.2 Hz), 2.08-2.46 (4H, 
m), 2*47 (3H, s), 2.88 (2H, t, J = 7.6 Hz), 3.70 (2H, t, J = 
6.3 Hz), 4.11 (2H, q, J = 7.1 Hz), 4.23 <2H, q, J = 7.1 Hz), 
4.75 (1H, m), 6.47 (1H, d, J = 7.3 Hz), 6.62 (1H, s). 

Anal. (calc. for C 18 H 27 NOgS); C, H, N, S . 

(d) 2— f f 5- ( 3-Acetvl sulf anvl-propvl \ -3-met:hvl-thio- 
phene-2 -carbonvn-amlnoV-olutarolc aclct diethyl ester 




This material was prepared according to the procedure 
described in example 5(c) using alcohol 6(c). The product 
(67%) was isolated as a yellow oil by flash chromatography on 
silica gel eluting methylene chloride-ethyl acetate (20:1). 

IR (neat) 3366, 2980, 2936, 1736, 1692, 1649, 1510, 
1447, 1377 cm" 1 . 

'TT NMR (CDC1 3 ) 6 1.23 (3H, t, J = 7.2 Hz), 1.30 (3H, t, 
J = 7.1 Hz), 1.95 (2H, pentet, 7.3 Hz), 2.04-2.48 (4H, m), 
2.34 (3H, s), 2.47 (3H, s), 2.83 (2H, t, J = 7.4 Hz), 2.91 
(2H, t, J = 7.2 Hz), 4.11 (2H, q, J = 7.1 Hz), 4.23 (2H, q, J 
= 7.1 Hz), 4.75 (1H, ra), 6.47 (1H, d, J = 7.4 Hz), 6.61 (1H, 
3). 
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(e) N- f 5- ( 3 - T ( 2 , 6 -Diamino-4 ( 3H ) -oxopyrimidin- 5 . vl ) 
thio l propyl W3 -methvl-thieno-2-vl 1 -L-alutamic acid diethyl 
ester 




COjR 



A stirred solution of 0.40 g (0.90 mmol) of thioacetate 
6(d) in 10 ml/ of ethanol saturated with dry HC1 gas was 
heated at 50°C under Argon for 2 hours. The volatiles were 
removed under reduced pressure. The residue was dissolved in 
methylene chloride and re-concentrated to remove traces of 
HC1. This procedure was repeated twice. The resulting crud 
thiol and 0.18 g (0.90 mmol) of 5-Bromo-2, 6 -diamino-4 ( 3H) 
pyrimidinone were dissolved in degassed DMF. To this 
solution was added 0.15 mL (0.90 mmol) of diisopropyl- 
ethylamine. After heating under Argon at 100°C for 2.5 hours , 
the cooled reaction mixture was poured into H 2 0 and extracted 
with ethyl acetate. The organic layer was washed twice with 
sat. NaCl soln, dried over MgS0 4 and concentrated at reduced 
pressure. The residue was flash chroraatographed on silica gel 
eluting~~methylene chloride-raethanol (9;1). In this manner, 
there was obtained 0.17 g (38%) of the desired product as a 
white solid. 

mp 164-165 C 

IR (KBr) 3329, 2930, 1734, 1636, 1597, 1518, 1441cm" 1 # 
'H NMR (dmso-dg) 5 1.16 (3H, t, J ■ 7.1 He), 1.18 (3H, 
t, J 7.0 Hz), 1.71 (2H, m), 1 • 90-2 . 10 ( 2H, m) , 2.32 (3H, s) 
2.40 (4H, m), 2.86 (2H, t, J = 7,4 Hz), 4.07 (4H, m) , 4.32 
(1H, m), 6.30 (4H, broad s), 6.67 (1H, s), 8.13 (1H, d, J = 
7.5 Hz), 9.95 (1H, 3) 
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Anal. (calc. for C 22 H 3l N 5°6 S 2* 1 ' 0 H 2°* ; C ' H/ N ' S * 



111 
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H 

W 
ill 

w 

if*'! 



(f ) N-r 5- ( 3-T 2 , 6-Diamino-4 ( 3H) -oxoPvrimidin-5-vl 1 thio 1 
propyl 1 -3-methvl-thieno-2-vl1 -L-olutamic acid 

. -v o 



H 2 N 




COzR 



COjR 



This product was prepared according to the general 
procedure described in example 2 ( j ) using diethyl ester 6(e). 
The product (82%) was collected as a white solid: 

mp 217-220 C. 

IR (KBr) 3341, 3200, 2922, 1709, 1620, 1516, 1468, 
1263cm" 1 . 

'H NMR (dmso-dg) S 1.71 (2H, pentet, J = 7.2 Hz), 
1.74-2.05 (2H, m), 2.31 (2H, t, J = 7.5 Hz), 2.33 (3H, s), 
2.46 (2H, t, J » 6.9 Hz), 2.86 (2H, t, J « 6.9 Hz), 4.28 (1H, 
m), 6.33 (4H, broad s), 6.66 (1H, s), 7.96 (1H, d, J = 7.7 
Hz), 9.96 (1H, broad s). 

Anal. (calc. for C 18 H 23 N 5 0 6 S 2 . 1 . 3 H 2 0); C, H, N, S. 



EXAMPLE 7 



N-r 5-r 3-f 2 . 6-Diamino-4 ( 3Hl-oxopvrimidin-5-vl ) 
thiolpropvlV-4-methvl-thleno-2-vl\- L-alutamic acid 
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II! 



CI ' 



( a ) 2-r f 5-Bromo-4-methYl ? -thiophene-2-carbonvl 1 
amino! -glutamic acid diethyl ester 




CQ 2 Et 



CO z Et 



The starting 5-Bromo-4-methyl-thiophene-2-carboxylic 
acid was prepared according to M. Nemec, Collection 
Czechoslav. Chem. Commun. 39, 3527, (1974)* 

The titled compound was prepared according to the 
general procedure described in example 6(a) and isolated 
(89%) as a It. yellow oil by flash chromatography on silica 
gel eluting methylene chloride-ethyl acetate (25:1). 

IR(neat) 3339, 2984, 1738, 1634, 1562, 1527, 1425, 1209 

-1 

cm . 

'H NMR (CDC1 3 ) $ 1.24 (3H, t, J =7.1 Hz), 1.30 (3H, t, 
J ■ 7.1 Hz), 2.04-2.52 (4H, m) , 2.20 (3H, s), 4.12 (2H, q, J 
= 7.3 Hz), 4.23 (2H, q, J » 7.3 Hz), 4.70 (1H, ddd, J - 12.3 
7.7, 4.8 Hz), 6.84 (1H, d, J « 7.4 Hz), 7.22 (1H, s). 

Anal. (calc. for C^HjgBrNOgS) ; C, H, Br, N, S. 

(b) 2-/ f 5-( 3-Hvdroxv-prop-l-vnvl ) - 4 -methyl -thio - 
phene-2-carbonvl1-antlno>-qlutamlc acid diethyl eater 



HO 




COjEt 



This material was prepared according to the g neral 
procedur described in exampl 6(b) using th bromo compound 
7(a). Th product (94%) was isolated as'a It. yellow oil by 



flash chromatography on silica gel eluting a gradient of 
8-11% ethyl acetate in methylene chloride. 

IR(neat) 3329, 2980, 2222, 1738, 1634, 1557, 1532, 1447 

cm - * . 

"f? NMR (CDC1 3 ) 6 1.23 ( 3H, t, J = 7.1 Hz), 1.29 (3H, t, 
J -7.2 Hz), 2.04 (3H, s), 2.07-2.50 (4H, m) , 4.14 (2H, q, J 
= 7.1 Hz), 4.24 (2H, q, J = 7.1 Hz), 4.54 (2H, s), 4.71 ( 1H, 
m), 6.88 (1H, d, J = 7.4 Hz), 7.27 (1H, s). 

Anal, (calc. for C 18 H 2 3NOgS) ; C, H, N, S. 

(c) 2--T f 5-< 3-Hvdroxv-propvl ) -4-methvl-thio- 
phene-2-carbonvll -amino > -glutamic acid diethyl ester 




COjEt 



COaEt 

This material was prepared according to the general 
procedure described in example 6(c) using alkyne 7(b). The 
product (100%) was isolated as a colorless oil. 

IR (neat) 3337, 2980, 2938, 1738, 1632, 1560, 1530, 1449 

cm ^ . 

'H NMR (CDCI3) 6 1.23 (3H, t, J =» 7.2 Hz), 1.30 (3H, t, 
J =• 7.1_Hz), 1.89 ((2H, pentet, J » 7.2 Hz), 2.06-2.49 (4H, 
m) 2.16~(3H, s), 2.85 (2H, t, J = 7.5 Hz), 3.70 ( 2H, t, J = 
6.3 Hz), 4.11 (2H, q, J - 7.1 Hz), 4.23 (2H, q, J = 7.2 Hz), 
4.74 (1H, m), 6.67 (1H, d, J = 7.6 Hz), 7.26 (1H, s). 

Anal. (calc. for C, a H 27 N0 g S); C, H, N, S. 
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( d ) 2-1 ( 5- 1 3 -Acetyl sulf anyl -propyl ) -4-methyl-thio- 
phene- 2-carbonyl l-aminol--qlutamic. acid diethyl ester 




C0 2 Et 



This material was prepared according to the general 

h* procedure described in example 5(c) using alcohol 7(c). The 

'p| product (56%) was isolated as a yellow oil by flash 

5| chromatography on silica gel eluting ether-hexanes (2s 1). 
'N. IR (neat) 3337, 2982, 2938, 1736, 1694, 1634, 1526, 

jjj" 1449, 1206 cm" 1 . 

3l 'H NMR (CDC1 3 ) 6 1.20 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 

^ J 3 7.1 Hz), 1.91 (2H, pentet, J » 7.4 Hz), 2.08-2.49 (4H, 

O m )' 2 ' 15 (3H, s), 2.34 (3H, 3), 2.80 (2H, t, J = 7.4 Hz), 

IV 2.91 (2H, t, J = 7.2 Hz), 4.13 (2H, q, J » 7.1 Hz), 4.24 ( 2H, 

p{ q, j - 7.2 Hz), 4.74 (1H, m), 6.67 (1H, d, J - 7.6 Hz), 7.26 

H ( 1H ' 3 )» 

Anal. (calc. for C 20 H 2 gNOgS,) ; C, H, N, S. 



(e) N- f 5- 1 3- f ( 2 . 6-Diamino-4 ( 3H) -oxopvrimidin-5-yl \ thlo 1 
propyl l-4-methvl-thieno-2-vl1-L-qlutamic acid diethyl ester 




This mat rial was prepar d according to the general 
proc dure d scribed in example 6(e) using thio acetate 7(d). 
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The product (48%) was isolated as a white solid by flash 
chromatography eluting methylene chloride-methanol (9:1). 
mp 159-160 C. 

J IR (KBr) 3324, 2980, 1734, 1657, 1632, 1603, 1466, 1206 



cm 



-1 



'H NMR (dmso-dg) 6 ,1.15 (3H, t, J = 7.1 Hz), 1.17 (3H, 
t, J = 7.1 Hz), 1.68 (2H, m) , 2.01 (2H, m), 2.11 (3H, s), 
2.43 (4H, m), 2.85 (2H, t, J = 7.3 Hz), 4.04 (2H, q, J = 7.1 
Hz), 4.12 (2H, q, J =7.1 Hz), 4.34 (1H, ra), 6.31 (4H, broad 
s), 7.55 (1H, s), 8.52 (1H, d, J = 7.5 Hz), 9.95 (1H, s). 

Anal. (calc. for C 24 H 3i N 5°6 S ) ; c ' H ' N/ s * 

(f ) N-f 5- ( 3- T 2 . 6-Diamino-4 ( 3H1 -oxopvrimidin-5-vl 1 thio 1 
propyl Y-4-methvl-thieno-2-vl 1 -L^olutamlc acid 




COzR 



-1 



This product was prepared according to the general 
procedure described in example 2(j) using diethyl ester 7(e) 
The product (87%) was collected by filtration as a white 
solid. e 

rap 154-158 C. 

IR (KBr) 3322, 3179, 2922, 1705, 1632, 1564, 1445 cm" 
'H NMR (dmso-dg) 6 1.68 (2H, m) , 1.92-2.01 (2H, m), 
2.10 (3H, s), 2.31 (2H, t, J = 7.4 Hz), 2.47 (2H, t, J = 7.4 
) 2 _._82 ( 2H, t, J » 7.4 Hz) ,4.29 ( 1H^ m) , 6 . 29 ( 4H, broad 
s), 7.53 (1H, s), 8.36 (1H, d, J =7 .7 Hz j ,9 .90 ( 1H, Broad 
s). 

Anal. (calc. for C^H^NgOgSj. 0 . 40H 2 O) ; C, H, N, S. 
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EXAMPLE 8 

Synthesis of N- < 6- f ( T 2 , 6-diamino-4 ( 3H^o xopvrimidiro-5-vl 1 - 
thio 1 methyl 1-4,5,6 , 7-tetrahvdrobenzothieno-2-vl ) -S-alutamic 
acid 

This compound of Formula II, wherein A = S, group = CH 2' 
ring = 6 , 2- ( 4 , 5 , 6 , 7-tetrahydrobenzothienyl ) and R 2 and R 3 

- H, was synthesized via the following process. 

(a), bromomethvl 3-t hienvl ketone 

To a chilled solution of 3-acetylthiophene (12.62 g, 100 
mmol) in THF (350 mL) was added phenyltrimethylammonium 
tribromide (39.10 g, 104 mmol). This mixture was left 
standing, with occasional swirling, for 2 hours at 0°. The 
4} precipitate was removed by filtration and washed with ether 

(2x75 mL) . The combined filtrates were poured into a mixture 
of saturated NaHC0 3 (200 mL) and 10% ^ 2 S 2°3 (200 mL) . The 
layers were separated and the aqueous phase extracted with 
EtOAc (150 mL) . The combined organic extracts were dried 
over Na 2 S0 4 and concentrated, in vacuo, to give a brown oil 
3 which was purified by flash chromatography. Elution with 

hexanei CH 2 C1 2 (2:1) provided the product as a white solid 
(15.54 g, 76% yield) melting at 60°-61°. 

The following analyses indicated that the product was 
bromomethyl 3-thienyl ketone. 

NMR (CDC1 3 ) 6 = 8.18 (1H, dd, J = 1.3, 2.9 Hz), 7.58 
(1H, ddr J 53 1.3, 5.1 Hz), 7.37 (1H, dd, J - 2.9, 5.1 Hz), 
4.34 (2H, s) 

Anal. (C 6 H 5 OSBr) C, H, S, Br 

'(b). diethyl 2-f 2-oxo-2- ( 3-thie nvHethvn malonate 
Diethyl malonate (6.5 mL, 6.86 g, 42.8 mmol) was added 
-dropwise~to -a- suspension- o^ 

mmol) in THF (15 mL) under argon at 0°. After stirring at 0° 
for 15 minutes, a solution of bromomethyl 3-thienyl ketone 
8(a) (5.20 g, 25.4 mmol) in THF (60 mL) was added to this 
mixture . 



Ml 



& 
m 
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The resultant, yellow slurry was stirred at ambient 
temperature for 1 hour, then diluted with EtOAc (100 mL) and 
poured into water (150 mL). The layers were separated and 
the aqueous phase extracted with EtOAc (2x100 mL). The 
combirfed organic extracts were washed with brine ( 100 mL) , 
dried over MgSp 4 and concentrated, in vacuo, to give a yellow 
oil which was purified by flash chromatography. Elution with 
hexane: EtOAc (5:1) provided the product as a pale yellow oil 
(5.63 g, 78%) . 

The following analyses indicated that the product was diethyl 
2-[2"Oxo-2-(3-thienyl)ethylJ malonate. 

NMR (CDC1 3 ) 6 = 8.12 (1H, dd, J = 1.2, 2.9 Hz), 7.55 
(1H, dd, J - 1.2, 5.1 Hz), 7.33 (1H, dd, J = 2.9, 5.1 Hz), 
4.23 (2H, q, J = 7.1 Hz), 4.22 (2H, q, J « 7.1 Hz), 4.04 (1H, 
t, J = 7.2 Hz), 3.54 (2H, d, J = 7.2 Hz), 1.29 (6H, t, J » 

7.1 Hz) 

Anal. (C 13 H 16 0 5 S) C, H, S 

(c) . 2- r 2-oxo-2-f 3-thienvll ethyl 1 malonic acid 
Diethyl 2-[ 2-oxo-2-(3-thienyl) ethyl] malonate 8(b) 

(5.39 g, 19 mmol) was suspended in 10% KOH (50 mL) and left 
stirring at ambient temperature for 18 hours. The resultant 
solution was acidified to pH 1 by addition of 6N HCL and the 
precipitate that formed was collected by filtration to 
provide the product (4.22 g, 98%) as an off-white solid 
melting at 161°-162° (dec). 

The following analyses indicated that the product was 
2-[2-oxo-2-(3-thienyl) ethyl] malonic acid. 

NMR (DMSO-d6) 6 = 12.85 (2H, broad), 8.59 (1H, dd, J = 
1.2, 2.8 Hz), 7.62 (1H, dd, J = 2.8, 5.1 Hz), 7.49 (1H, dd, J 
= 1.2, 5.1 Hz), 3.75 (1H, t , J = 7 . 2 Hz ) , 3 . 44 (2H, d, J = 

7.2 Hz) 

(d) . 4-f 3-thienvl) butyric acid * 1 " ~~ 
Hydrazine hydrate (1.3 mL, 1.34 g, 26.8 mmol) was added 

dropwise to a solution of KOH (3.54 g, 63 mmol) and 
2-[2-oxo-2-(3-thienyl) ethyl] malonic acid 8(c) (4.00 g, 17.5 



mmol) in ethylene glycol (30 mL). This solution was heated 
at reflux for 6 hours. After cooling to room temperature, 
the crude reaction mixture was poured into a mixture of 6N 
HC1 (50 mL) and ice (200 g) . This aqueous mixture was 
saturated with NaCl, then extracted with ether (3x70 mL) . 
The combined organic extracts were dried over Na 2 S0 4 and 
concentrated, in vacuo, to provide an orange oil (2.61 g) of 
sufficient purity to be employed in the subsequent reaction 
without any further purification. 

(e) . 7-OXO-4 ,5,6 , 7-tetrahvdrobenzothiophene 

To a solution (8% by wt) of ? 2 °5 in me ^hanesulf onic acid 
(80 mL) was added the crude 4(3-thienyl) butyric acid 8(d) 
(2.61 g, 15.3 mmol). The resultant reaction mixture was 
stirred at ambient temperature for 90 minutes, then 
cautiously poured into water (450 mL). After cooling to room 
temperature, this aqueous mixture was extracted with EtOAc 
(3x200 mL). The combined, organic extracts were washed with 
saturated NaHCOj (2x150 mL) and brine (150 mL), dried over 
MgS0 4 and concentrated, in vacuo, to give a brown oil which 
was purified by flash chromatography. Elution with 
hexanerEtOAc (4:1) provided the product as a yellow oil (1.65 
g, 71%). 

The following analyses indicated that the product was 
7-OXO-4 , 5 , 6 , 7-tetrahydrobenzothiophene . 

NMR (CDC1 3 ) 6 = 7.61 (1H, d, J = 4.9 Hz), 6.97 (1H, d, 
J = 4.9 Hz), 2.88 (2H, t, J * 6.1 Hz), 2.61 (2H, t, J = 6.5 
Hz), 27l8 (2H, tt, J ■ 6.5 Hz) 

Anal. (CgHgOS) C, H, S 

( f ) . methyl- 7 *oxo-4 ,5,6, 7-tetrahvdrobenzothio- 
phene-6-carboxvlate 

A solution of 7-0X0-4^5, 6, 7-tetrahydrobenzothiophene 8(ej) 

(1.37 g, 9 mmol) in DMP (10 mL) was add d dropwise, under an 
argon atmosphere, to a suspension of NaH (800 mg, 20 mmol) in 
DMF (6 mL) . The resultant, purple solution was stirred at 
ambient temperature for 15 minutes, then cooled to 0° prior 
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to the dropwise addition of dimethyl carbonate (5 mL, 5.35 g, 
59 mmol). The resultant reaction mixture was stirred at 
ambient temperature for 90 minutes, then poured into water 
(150 mL) and extracted with ether (3x50 mL) and EtOAc (50 
mL) . tfne combined organic extracts were dried over MgSO^ and 
concentrated , in vacuo, to give an orange oil which was 
purified by flash chromatography. Elution with hexane: EtOAc 
(4:1) provided the product as a yellow oil (1.28 g, 68%) 

The following analyses indicated that the product was 
methyl 7-oxo-4 ,5, 6 , 7-tetrahydrobenzothiophene^6-carboxylate* 

NMR (CDC1 3 ) 6 - 7.66 (1H, d, J = 4.8 Hz), 6.97 (1H, d, 
J ■ 4.8, Hz), 3.77 (3H, s), 3.61 (1H, dd, J = 4.8, 9.0 Hz), 
3.05 (1H, ddd, J =4.9, 6.5, 17.1 Hz), 2.87 (1H, ddd, J = 
4.9, 8.2, 17.1 Hz), 2.62-2.50 (1H, ra), 2.43-2.33 (1H, m) 

Anal. (C 10 H 10 O 3 S) C, H, S 

(g). methyl 7-hvdroxv-4 , 5 . 6 , 7-tetrahvdrobenzothiophene- 
6-carboxvlate and 7-hvdroxv-6- f hvdroxvmethvl V-4 , 5 , 6 , 7- 
-tetrahvdrobenzothiophene 

To a solution of methyl 7-oxo-4,5,6,7-tetrahydrobenzo- 
thio-phene-6-carboxylate 8(f) (2.57 g, 12.2 mmol) in THF (15 
mL) and CHjOH (10 mL) at 0° was added, portionwise, NaBH 4 
(465 mg, 12.2 mmol). The resultant reaction mixture was 
stirred for 2 hours, gradually warming to 15°, then poured 
into saturated NH 4 C1 (30 mL). The layers were separated and 
the aqueous phase extracted with EtOAc (30 mL) . The combined 
organic extracts were dried over MgSO^ and concentrated, in 
vacuo, to give a yellow oil which was purified by flash 
chromatography. Elution with hexane: EtOAc (3:2) provided two 
separate products. The f aster-eluting product was a yellow 
oil (0.91 g, 35%). 

The following analyses indicated that this product was 
methyl 7-hydroxy-4 ,5,6 , 7-tetrahydrobenzothiophene-6- 
-carboxylate . ~ ~f "* 1 

NMR (CDC1 3 ) 6 - 7.25 (1H, d, J = 5.1 Hz), 6.78 (1H, d, 
J = 5.1 Hz), 5.23-5.16 (1H, m) , 3.78 (3H, s), 3.09 (1H, 
broad), 2.90-2.57 (3H, m) , 2.38-2.05 (2H, m) 
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* 

Anal. ( c io H l2°3 S ) C ' H/ S 

The slower-eluting product was a milky-white gum (1.28 
g, 57%) 

The following analyses indicated that this second 
product was 7-hydroxy-6-(hydroxymethyl) -4,5,6, 7-tetra- 
hydrobenzo-thiophene. 

NMR (CDC1 3 ) 6 = 7.24 ( 1H, d, J = 5.1 Hz) f 6.79 (1H, d, 
J = 5.1 Hz), 5.03-4.85 (1H, m), 3.96-3.79 (2H, m), 2.86-2.54 
(3H, m), 2.07-1.94 (1H, m), 1 . 91-1 . 80 ( 1H, m) , 1.77-1.71 (1H, 
m), 1.63-1.48 (1H, m) 

Anal. (C 9 H 12 0 2 S) C, H, S 

(h).. methyl 4 , 5 , 6 , 7-tetrahvdrobenzothiophene-6- 
, carboxvlate 

To a solution of methyl 7 -hydroxy- 4, 5, 6 , 7-tetrahydro- 
benzo-thiophene-6-carboxylate 8(g) (459 mg, 2.2 mmol) and 
Et 3 SiH (0.7 mL, 510 mg, 4.4 mmol) in CH 2 C1 2 (10 mL), under 
argon at -5°/ was added BF 3 -Et 2 0 (0.55 mL, 635 mg, 4.5 mmol). 
The resultant reaction mixture was stirred for 3 hours, 
gradually warming to 15 °, then poured into saturated 
NaHCO 3 (30 mL) . After addition of K 2 C0 3 (~1 g), the layers 
were separated and the ^aqueous phase was extracted with 

CH 2 C1 2 (1 ° ttL ) and ether ( 2xl5 mL )* The combined organic 
extracts were dried over MgS0 4 and concentrated, In vacuo, to 
give a yellow oil which was purified by flash chromatography. 
Elution with hexane;EtOAc (95:5) provided the product as a 
colourless oil (300 mg, 71%). 

The following analyses indicated that the product was 
methyl 4,5,6,7-tetrahydrobenzothiophene-6-carboxylate. 

NMR (CDC1 3 ) 6 = 7.07 (1H, d, J = 5.1 Hz), 6.75 (1H, d, 
J = 5.1 Hz), 3.73 (3H, s), 3.11-2.94 (2H, m), 2.85-2.59 (3H, 
in), 2.27-2.18 (1H, m) , 1.94-1.81 (1H, m) 
^ Anal . . (C r0 H r2 Q 2 S) C,. H,_S _ fc 



(i) . 6- ( hvdroxvmethvl 1-4,5,6 , 7-tetrahvdrobenz othiophene 
Method A: 



A solution of methyl 4 , 5 , 6 , 7- tetrahydrobenzothio- 
phene-6-carboxylate 8(h) (209 mg, 1.1 mmol) in THF (6 mL) was 
added to a slurry of LiAlH^ (50 mg, 1.3 nunol) in THF (3 mL) . 

The resultant reaction mixture was heated at reflux for 

tiff 

3 hours. After cooling to room temperature, the crude 
reaction mixture was diluted with saturated NH 4 C1 (20 mL) . 
The layers were separated and the aqueous phase extracted 
with ether (10 mL) , then with EtOAc^|2xlO mL) . The combined 
organic extracts were dried over MgS0 4 and concentrated , in 
vacuo, to provide the product as a colourless oil (167 mg, 
93%). 

Method B: 

To a solution of 7-hydroxy-6-(hydroxymethyl)- 
4, 5,6,7-tetrahydrobenzothiophene (988 mg, 5.4 mmol) and 
EtgSiH (1.8 mL, 1.31 g, 11.3 mmol) in CH 2 C1 2 (25 mL)/ under 
argon at -5°, was added BF-j-EtjO (1.4 mL, 1.62 g, 11.3 mmol). 
The resultant reaction mixture was stirred for 3 hours , 
gradually warming to 10°, then poured into saturated NaHC0 3 
(50 mL). After addition of K 2 C0 3 (1.5 g), the layers were 
separated and the aqueous phase extracted with ether (2x40 
mL). The combined organic extracts were dried over MgS0 4 and 
concentrated, in vacuo, to give a yellow oil which was 
purified by flash chromatography. Elution with hexane:EtOAc 
(2;1) provided the product as a colourless oil (593 mg, 66%). 

The following analyses indicated that the product was 
6 - ( hydroxymethyl ) -5 , 5 , 6 , 7 - tetrahydrobenzothiophene . 

NMR (CDC1 3 ) S -m 7.06 (1H, d, J - 5.1 Hz), 6.76 (1H, d, 
J = 5.1~Hz), 3.66 (2H, d, J - 6.4 Hz), 2.94 (1H, dd, J «■ 5.2, 
16.2 Hz), 2.79-2.71 (1H, m), 2.68-2.46 (2H, m) , 2.11-1.96 
(2H, m), 1.54-1.46 (1H, m) 

Anal. (C g H 12 OS) C, H, S 

... r.1 V._^6 - f ( t . -butvldime thvl s 1 lvloxvl methy]J^-4 ^5 , 6 , 7- 

tetra-hvdfobenzothioDhene 

To a solution of t-butyldimethylsilyl chloride (4.38 g, 
29.1 mmol) in CH 2 Cl2 (25 mL) was added Et 3 N (4.1 mL, 2.98 g, 
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29.4 mmol) followed by a solution of 6-(hydroxymethyl )- 
•4,5,6, 7-tetrahydrobenzothiophene 8(i) (4.44 g, 26.4 mmol ) : in 
CH 2 C1 2 ^ 50 and 4-(dimethylamino) pyridine (100 mg). The 

resultant reaction mixture was stirred at ambient temperature 
for 18 /j *hours, then poured into water (100 mL). The layers 
were separated and the organic phase was washed with 0.5 N 
HCl (100 mL) and brine (100 mL), then dried over MgS0 4 and 
concentrated, in vacuo, to give a yellow oil which was 
purified by flash chromatography. Elution with hexanerEtOAc 
(95:5) provided the product as a colourless oil (6.49 g, 
86%) . 

The following analyses indicated that the product was 
6-[ ( t-butyldimethylsilyloxy)methyl] -4,5,6, 7-tetrahydro- 
benzothiophene. 

NMR (CDC1 3 ) 6 - 7.05 (1H, d, J » 5.1 Hz), 6.75 (1H, d, 
J = 5.1 Hz), 3-60 (2H, d, J = 6.2 Hz), 2.89 (1H, dd, J = 5.2, 
16.2 Hz), 2.76-2.68 (1H, m), 2.65-2.42 (2H, m), 2.03-1.92 
(2H, m), 1.53-1.41 (1H, m), 0.91 (9H, s), 0.06 (6H, s) 

Anal. (C 15 H 2g OSSi) C, H, S 

(k). diethyl N-f 6-r r t-butvldimethvlsilvloxv> 
methvl 1-4.5 . 6 , 7-tetrahvdrobenzothieno-2-vl ) alutamate 

To a solution of 6-[ ( t .-butyldimethylsilyloxy) 
methyl]-4,5,6,7-tetrahydrobenzothiophene 8(j) (7.69 g, 27.2 
mmol) in THF (100 mL), under argon at -70°, was added 2.5 M 
n-butyllithium in hexane (12 mL, 30 mmol). The resultant 
reaction mixture was stirred for an additional 40 minutes at 
-70 d , then at -10° for 45 minutes while dry C0 2 was bubbled 
through the solution. The crude reaction mixture was 
subsequently poured into saturated NH^CL (300 mL) . The layers 
were separated and the aqueous phase was extracted with ether 
(2x150 mL). The combined organic extracts were dried over 
Na 2 S0 4 and concentrated, in vacuo, to give a yellow solid 
<8.24 g)~ This ThV rmedTate ^ 
reaction without any further purification. 



To a solution of the aforementioned crude 
6-[ ( t . -butyldimethylsilyloxy) methyl ] -4 ,5,6 , 7-tetrahydro- 
benzo-thiophene-2-carboxylic acid (8*24 g), 1-hydroxybenzo- 
triazole (4.05 g, 30 iranol) and glutamic acid diethyl ester 
hydrochloride (7.19 g, 30 iranol) in DMF (65 mL) were added 
diisopropyl-ethylamine (5.2 mL, 3.86 g, 30 mmol) and 
l-( 3-dimethylamino-propyl) -3-ethylcarbodiimide hydrochloride 
(5.75 g, 30 mmol). The resultant solution was stirred at 
ambient temperature for 16 hours , then poured into brine (400 
mL), diluted with water (150 mL) and extracted with ether 
(3x250 mL) . The combined organic extracts were dried over 
MgSO^ and concentrated, In vacuo, to give a yellow oil which 
was purified by flash chromatography. Elution with 
hexane:EtOAc (4:1) provided the product as a yellow oil 
(6.63 g, 48%) . 

The following analyses indicated that the product was 
diethyl N- ( 6 - [ ( t-butyldimethylsilyloxy ) methyl ] -4 , 5 , 6 , 7- 
tetra-hydrobenzothieno-2-yl) glutamate. 

NMR (CDC1 3 ) 6 = 7.23 (1H, s), 6.67 (1H, d, J = 7.7 Hz), 
4.73 (1H, ddd, J = 4.8, 7.7, 12.6 Hz), 4.22 (2H, q, J = 7.1 
Hz), 4.11 (2H, q, J = 7.1 Hz), 3.59 (2H, d, J = 6.2 Hz), 2.89 
(1H, dd, J = 5.1, 16.7 Hz), 2.75-2.23 (6H, m), 2.15-1.91 (3H, 
m), 1.56-1.42 (1H, m), 1.29 (3H, t, J » 7.1 Hz), 1.23 (3H, t, 
J = 7.1 Hz), 0.90 (9H, s), 0.06 (6H, s) 

Anal. (C 25 H 41 NOgSSi) C, H, N, S 

(1) . diethyl N- r 6-fhvdroxvmethvl y-4 , 5 , 6 , 7-tetra- 
hvdrobenzothieno-2-vl 1 glutamate 

This material was prepared using the procedure described 
in example 5(b). From diethyl N-(6-[ (t . -butyldimethyl- 
silyloxy ) methyl ] - 4 , 5 , 6 , 7-tetrahydrobenzothieno-2-yl ) 
glutamate 8(k) (6.03 g, 11.8 mmol) there was obtained a 
yellow gum (3.62 g, 77%). 

The^f bTi^ 

diethyl N-[ 6-(hydroxymethyl)-4,5,6,7-tetrahydro- 
benzothieno-2-yl ] glutamate. 
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NMR (CDC1 3 ) 6 = 7.23 (1H, s), 6.70 (1H, d, J = 7.6 Hz), 
4.73 (1H, ddd, J = 4.8, 7.6, 12.6 Hz), 4.22 (2H, q, J = 7.1 
Hz), 4.11 (2H, q, J = 7.1 Hz), 3.66 (2H, d, J = 6,3 Hz), 2.94 
(1H, dd, J - 5.0, 16.9 Hz), 2.77-2.22 (6H, m), 2.15-1.97 (3H, 
m), 1.-57-1.44 (1H, m), 1.29 ( 3H, t, J = 7.1 Hz), 1.23 (3H, t, 
J = 7.1 Hz) 

Anal. (C 19 H 27 NOgS.0.5H 2 O) C, H, N, S 

(m) • diethyl N- f 6-1 bromomethvl 1-4.5.6. 7-tetrahvdro- 
benzothieno-2-vl 1 glutamate 

This material was prepared using the procedure described 
in example 2(d). From diethyl N-[ 6- ( hydroxymethy 1 ) - 
4,5,6,7-tetrahydrobenzothieno-2-yl] glutamate 8(1) (3.45 g, • 
8.7 mmol) there was obtained a colourless gum (3.68 g, 92%). 

The following analyses ^indicated that the product was . 
diethyl 

N- ( 6 - ( bromomethyl ) -4 , 5 , 6 , 7- tetrahydrobenzo thieno- 2 -y 1 ] 
glutamate. 

NMR (CDC1 3 ) 6 = 7.23 (1H, s), 6.73 (1H, d, J = 7.6 Hz), 
4.73 (1H, ddd, J = 4.8, 7.6, 12.6 Hz), 4.23 (2H, q, J = 7.2 
Hz), 4.10 (2H, q, J = 7.2 Hz ) , 3 . 49-3 . 41 ( 2H, m) , 3.04 (1H, 
dd, J = 5.0, 16.8 Hz), 2.79-2.03 (9H, m) , 1.67-1.53 (1H, m), 
1.29 (3H; t, J - 7.2 Hz), 1.23 (3H, t, J « 7.2 Hz) 

Anal. (C 19 H 26 N0 5 SBr) C, H, N, S, Br 

(n) . diethyl N-76-r racetvlthioV methvll-4 . 5 . 6 . 7-tetra- 
hvdrobenzothieno-2-vl ) glutamate 

This material was prepared by using the procedure 
described in example 2(e). From diethyl N- [ 6- (bromomethyl ) - 
4,5,6,7-tetrahydrobenzothieno-2-yl] glutamate 8(m) (3.68 g, 
8.0 mmol) there was obtained an orange oil (3.46 g, 95%). 

The following analyses indicated that the product was 
diethyl N- ( 6- [ (acetyl thio) methyl ] -4,5,6, 7-tetrahydro- 
benzo thieno- 2 -yl )" glutamate '. ~ 

NMR (CDC1 3 ) S = 7.21 (1H, s), 6.69 (1H, d, J » 7.6 Hz), 
4.72 (1H, ddd, J = 4.8, 7.6, 12.6 Hz), 4.22 (2H, q, J = 7.1 
Hz), 4.11 (2H, q, J = 7.1 Hz), 3.02-2.92 ( 3H, m) , 2.74-2.38 



(5H, m), 2.36 (3H, s ) , 2 . 35-2-22 (1H, m), 2,15=1-96 (3H, m), 
1.57-1.46 (1H, m) , 1.29 (3H, t, J = 7.1 Hz), 1.23 (3H, t, J = 
7.1Hz) 

Anal. ( C 2i H 29 N0 6 S 2 # 0 # 5H 2 0) C/ H ' N/ S 




A solution of diethyl N-( 6- (( acetyl thio) methyl]- 
4, 5, 6,7^tetrahydrobenz6thieno-2-yl) glutamate 8(n) (3.52 g, 
7.7 romol) in 0.5 N ethanolic HCl (60 mL) was heated at reflux 
for 3 hours. The reaction was diluted with water (25 mL) and 
the ethanol was removed by concentration, in vacuo. The 
aqueous residue was extracted with ether (2x50 mL) • The 
combined organic extracts were dried over Na 2 S0 4 and k 
concentrated, in vacuo, to provide the product as an orange 
syrup (3.09 g, 97%). 

The following analyses indicated that the product was 
diethyr~N-[6- ( thiomethyl >-4 ,5,6, 7-tetrahydrobenzothieno-2-yl J 
glutamate. 

NMR (CDC1 3 ) S « 7.23 (lH, s), 6.69 (1H, d, J = 7.6 Hz), 
4.73 (1H, ddd, J = 4.8, 7.6, 12.6 Hz), 4.23 (2H, q, J =7.1 
Hz), 4.12 (2H, q, J - 7.1 Hz), 3.04 (1H, dd, J = 5.0, 16.6 
Hz), 2.77-2.23 (8H, m), 2.15-1.92 (3H, m), 1.59-1.48 (1H, m) , 

1*73*~1Th7 ^yVsj'Hz ) ; I, 30 13H, t , J ^7 . 1 H^ )7~ 1~: 23 " ("3H, 
t, J =7.1 Hz) 

Anal. (C 19 H 27 N0 5 S 3 » 0.25H 2 O) G, H, N, S 



■ # ' 

-54- 

(P) • diethyl N-f 6-f ( f 2 ,6-diamino-4 ( 3H)-oxoDvrimidin- 
5-vl 1 th io) methyl 1-4,5.6, 7-tetrahvdrobenzothieno-2-yl ) 

glutamate ) 

■ . • ■ »• 

This material was prepared using the procedure described 
in example 2(g). From diethyl N-( 6- ( thiomethyl ) - . 
4,5,6,7-tetra-hydrobenzothieno-2-yl] glutamate 8(o) (3.00 g, 
7.3 mmol) and 5-bromo-2 , 6-diamino-4 ( 3H) -pyrimidinone (1.44 g, 

7.0 mmol) there was obtained a yellow solid (712 mg, 19%) 
melting at 122°-128 p . 

The following analyses indicated that the product was 
diethyl N-( 6-[ ( [ 2, 6-diamino-4( 3H)-oxopyrimidin-5-yl ] thio) 
methyl]-4,5,6,7-tetrahydrobehzothieno^2-yl) glutamate. 

NMR (DMSO-d6) 6 = 9.92 (1H, s), 8.53 (1H, d, J = 7.5 
Hz), 7.54 (1H, s), 6.28 (4H, br s), 4.34 (1H, ddd, J =5.3, 
7.5, 9.4 Hz), 4.08 (2H, q, J = ?.l Hz), 4.03 (2H, q, J - 7.1 
Hz), 3.07 (1H, dd, J - 4.4, 16.6 Hz), 2.66-2.43 (5H, m), 2.40 
(2H, t, J = 7.4 Hz), 2.09-1.89 (3H, m), 1.83-1.73 (1H, m), 
1.48-1.37 (1H, m), 1.17 (3H,. t, J = 7.1 Hz), 1.15 (3H, t, J = 

7.1 Hz) 

Anal. ( C 23 H 3i N 5°6 S 2 ) C ' H ' N ' S 



(q) . N-f 6-f ( r2.6-diamlno-4(3H)-oxopvrimidin-5-vll thio) 
methvl1-4.5,6,7-tetrahvdrobenzothleno-2-vl) glutamic acid 

OH 




oxopyrimidin-5-yl) thio) methyl] -4, 5,6,7 - tetrahydrobenzo- 
thieno-2-yl) glutamate 8(p) (594 mg, 1.1 mmol) there was 



obtained a white solid (493 nig, 93%) melting at 227°-230° 
(dec. ) . 

The following analyses indicated that the product was 
N-(6-[ ( [2,6-diamino-4(3H)-oxopyrimidin-5-yl] thio) 
methyl^r-4 , 5 , 6 , 7-tetrahydrobenzothieno-2-yl ) glutamic acid . 

NMR (DMSO-d6) 6 _* 12*38 (2H, broad), 10-08 (1H, broad), 
8-42 (1H, d, J =* 7.8 Hz), 7.53 (1H, s), 6.44 (4H, br s), 4.30 
(1H, ddd, J - 4.6, 7.8, 12.6 Hz), 3.07 (1H, dd, J = 4.3, 16.6 
Hz), 2.66-2.36 (5H, m), 2.31 (2H, t, J = 7.3 Hz ) , 2 . 10-1 . 77 
(4H, m), 1.46-1.37 (1H, m) 

Anal. (C ig H 23 N 5 O 6 S 2 .0.7H 2 O) C, H, N, S 

EXAMPLE 9 

Synthesis of N-f5-f 2-( T 2, 6-Dlamino-4f 3HY-oxopyrimidln- 
5-vllthiolethvll thleno-2-vl)-L-alutamlc acid 

This compound of formula X, wherein Ar is unsubstituted 
thienylene, A is sulfur and R^, R 2 and R 3 are all hydrogen, 
was synthesized by the following process. 

9a 2- f 2- 1 t-Butvldlmethvlsl IvIqxtM ethvl 1 thiophene 




To a solution of t-butyldimethylsilyl chloride (26.38 g, 
0.18 mol), triethylamine (25 mL, 0.18 mol) and 4- 
(dimethylamino) pyridine (300 mg, 2.5 mmol) in CH 2 C1 2 (200 mL) 
tinder an argon atmosphere at -5°C was added, dropwise, 

2-(2-tK^ienyl)ethanol : ( 18* mL> 0vl6 mol)^ The resultant — 

r action mixture was stirred at 0°C for 30 minutes, then at 
room temperature overnight. Th crud reaction mixture was 
pour d into water (300 mL), and th lay rs w r separated. 



The organic phase was washed with 0.5N HC1 (200 mL), then 
with brine (200 mL) , dried over Na 2 S0 4 and concentrated, in 
vacuo, to give a yellow oil, contaminated with a white solid, 
which was purified by flash chromatography. Elution with 
hexane/ethyl acetate ( 95 .: 5 ) yielded the product as a yellow 
oil (38-73 g, 99% yield). 

NMR (CDC1 3 ) S = 7.13 (1H, d, J = 5.1 Hz), 6.92 (1H, dd, 
J = 3.3, 5.1 Hz), 6.83 (1H, d, J = 3.3 Hz), 3.82 (2H, t, J = 
6.7 Hz), 3.03 (2H,t, J « 6.7 Hz), 0.89 (9H, s), 0.03 (6H, s) 

Anal;. (C 12 H 22 0 SSi)C,H,S 

9bl 5 - f 2 f t-Butvldlme thvls i 1 vloxv ) ethvl 1 th ioohene- 2 - 
carboxvllc acid and Methyl 5-( 2-hvdroxvlethvl ) thioohene-2- 
carboxvlate 




A 1.6M solution of n-butyllithium in hexane (140 mL, 
0.22 mol) was added to a solution of 36.16 g (0.15 mol) of 9a 
in 350 mL of THF under argon at -75°C. The resultant 
reaction mixture was stirred for 1 hour at -70°C. Dry C0 2 
was then bubbled through this solution for 40 minutes at - 
65°C f then for 60 minutes at -5°C and finally for an 
additional 75 minutes while warming to room temperature. Th 
crude reaction mixture was poured into a mixture of saturated 
NH 4 C1 (600 mL) and ice (600 g) and extracted with 300 mL of 
ether, then twice with 300 mL portions of ethyl acetate. The 
combined organic extracts were dried over Na 2 S0 4 .and 
concentrated, in vacuo, to give 47 g of a yellow solid which 
was used Without" furth r purif ication. " 

The above product (47 g) was dissolved in methanol (1L) 
containing cone. HjSO^ (10 mL), and this solution was 
refluxed ov rnight. The solv nt was removed by 



concentration, in vacuo, and the residue was partitioned 
between saturated NaHCOj (300 mL) and ether (300 mL). The 
layers were separated and the aqueous phase extracted twice 
with 300 mL of ethyl acetate. The combined organic extracts 
were. dried over Na 2 S0 4 and concentrated, in vacuo, yielding 
an orange oil which was purified by flash chromatography. 
Elution with 2:1 hexane/ethyl acetate provided the product as 
a yellow oil (12.31 g, 44% yield). 

NMR (CDC1 3 ) 6 = 7.66 (1H, d, J=3 . 7 HZ), 6.88 (lH,d,J =* 
3.7 Hz), 3.89 (2H,t>J = 6.2 Hz), 3.86 (3H, s), 3.09 (2H, t, J 
=* 6.2 Hz) 

Anal. (C 8 H 10 O 3 S) C, H, S 

9c 1 Methvl 5-( 2-bromoethvl lthiophene-2-carboxvlate 



O 




A solution of 11.2 g (42 mmol) of triphenylphosphine in 
50 mL of methylene chloride was added dropwise to a solution 
of 6.52 g, (35 mmol) of 9b) and 13.93 g (42 mmol) of CBr 4 in 
100 mL of methylene chloride at 0°C. The resultant reaction 
mixture was stirred for 60 minutes at 0°, then overnight at 
room temperature. The solvent was removed by concentration, 
in vacuo, and the residue obtained was purified by flash 
chromatography. Elution with hexane/ethylene acetate (9:1) 
yielded the product as a yellow oil (7.74 g, 89% yield). 

NMR (CDC1 3 ) 6 =» 7.66 (1H, d, J = 3.8 Hz), 6.89 (1H, d, 
J = 3.8 Hz), 3.87 (3H, s), 3.58 (2H, t, J =» 7.1 Hz), 3.38 
(2H, t, J =* 7.1 Hz) 

"AnaX. (CpHpO^S^Br)" C7 H7 S7 Br^ — — 
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Methvl 5 - f 2 - ( acetyl thio ) ethvl 1 thipphene-2 - 

carboxvlate 

— O 




A mixture of 6.23 g (25 mmol) of 9c and 5.71 g (50 mmol) 
of potassium thiolacetate in 100 mL of acetone was heated at 
reflux for 30 minutes. After cooling to room temperature, 
the crude reaction mixture was filtered, and the filtrate was 
concentrated, in vacuo. The* residue obtained was partitioned 
between ether and water ( 150 mL each) . The layers were 
separated and the aqueous phase was extracted with 100 mL of 
ether and 100 mL of ethyl acetate. The combined organic 
extracts were dried over Na 2 S0 4 and concentrated, in vacuo, 
yielding a red oil which was purified by flash 
chromatography. Elution with hexane/ethyl acetate (9:1) 
yielded the product as a yellow solid (5.61 g, 92% yield) mp 
67°-68°C. 

NMR (CDC1 3 ) 6 =» 7.64 (1H, d, J =» 3.7 Hz), 6.85 (1H, d, 
J ~ 3.7 Hz), 3.86 (3H, s), 3.19-3.06 (4H, m) , 2.35 (3H, s) 
Anal. ( c 10 H i2°3 S 2 ) C ' Hf S 

9el Methvl 5-Y 2-thioethvl ) thiophene- 2 -carboxvlate 




A solution of 4.89 g (20 mmol) of 9d in IN methanolic 
HCI (75 mL) was heated at reflux for 2 hours. The reaction 



was diluted with water (50 mL) and the methanol was removed 
by concentration, in vacuo. The aqueous residue was extracted 
with ether (2 x 75 mL) . The combined organic extracts were 
dried over Na 2 S0 4 and concentrated, in vacuo, to provide the 
producer as a yellow oil (3.93 g, 97% yield). 

NMR (CDC1 3 6 = 7.66 (1H, d> J = 3.7 Hz), 6.86 (1H, d, J 
= 3.7 Hz), 3.87 (3H, s), 3.14 (2H, t, J = 7.1 Hz), 2.83 (2H, 
dt, J = 8.2, 7.1 Hz), 1.50 (1H, t, J = 8.2 Hz) 

Anal. (CgH 10 O 2 S 2 ) C, H, S 

9fl Methvl 5-<2-t( 2 , 6-dlamino-4 ( 3Hy-oxopyrimidin-5- 
vl ) thiol ethvl \ thlophene-2-carboxvlate 



O 




Argon was bubbled through a slurry of 3.00 g (14.6 mmol) 
of 5-bromo-2,6-diamino-4(3H)^pyrimidinone in 25 mL of DMP. 
To this slurry was added a solution of 3.24 g (16.0 mmol) of 
9e in 30mL of DMP and 5 mL (3.71 g, 28.7 mmol) of 
diisopropylethylamine. The resultant reaction mixture was . 
heated at 100°C.for 90 minutes, then poured into water (350 
mL). The precipitate that formed was collected by 
filtration, washed twice with 75 mL of water then twice with 
75 mL of ether to provide the product as an off-white solid 
(3.22 g, 67% yield) mp 228°-229°C. 

NMR (DMSO-d6) 5 - 9.98 (1H, s), 7.62 (1H, d, J = 3.6 
Hz), 7.02 (1H, d, J = 3.6 HZ), 6.33 (4H, br s), 3.77 (3H, s), 
2.98 (2H, t, J =» 7.1 Hz), 2.72 (2H, t, J = 7.1 Hz) 
Anal ~(CV ttXO^S'Z.)' C,H7N,S — 
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III. 

a 

1=4 

o. 

tu 
w 

■PI 



iaJ ( 2 , 6-Diamino-4 ( 3H1 -oxopvrimidin-5- 

vl ] thio 1 ethyl ) thiophene-2-carboxvlic acid 

0 




A suspension of 2.94 g (S.Ommol) of 9f in 125 mL, of IN 
NaOH was stirred overnight at room temperature , then 
filtered. The filtrate was acidified to ~pH5 by addition of 
~30 mL of 6N HC1. The precipitate that formed was collected 
by filtration and washed twice with 25 raL of water to provide 
the product as a yellow powder (2.65 g, 94% yield mp 273° 
(dec)). 

NMR (DMS0-d6) S =» 12.86 (1H, broad), 9.99 (1H, br s), 
7.53 (1H, d, J = 3.7 Hz), 6.97 (1H, d, J - 3.7 Hz), 6.34 (4H, 
br s), 2.97 (2H, t, J = 7.3 Hz), 2.72 (2H, t, J = 7.3 Hz) 

Anal. (Cj^H^N^Sj) C,H,N,S 

9h) Diethyl N-/ 5-r 2-< f 2 . 6-diamino-4 { 3HV- oxoovrimidin- 
5-vl Ithio ) ethvl 1 thieno-2-vll-L-olutamate 




A solution of 1.87 g (6.0 mmol) of 9g, 3.3 mL (3.04g, 
3 Ommol ) of 4 -mf thylmorpho line! and 2 . 4 1 ~g ( 9 ; 0 "mmoT ) of phenyl 
N-phenylphosphoramidochloridat in 75 mL of l-methyl-2- 
pyrrolidinone was stirred for on hour prior to addition of 
2.88 g (12.0 mmol) of L-g^utamic acid didthyl est r 



hydrochloride. The resultant reaction mixture was stirred 
overnight at room temperature , then concentrated, in vacuo. 
The residue obtained was partitioned between chloroform and 
water (100 mL each). The layers were separated and the 
aqueous phase extracted with 100 mL of chloroform. The 
combined organic extracts were dried over Na 2 S0 4 and 
concentrated, in vacuo, yielding an orange gum which was 
purified by flash chromatography. Elution with 4% methanol 
in chloroform yielded the product as a pale yellow solid 
(1.41 g, 47% yield, mp 95°-96°C). 

NMR (DMSO-d6) 6 =• 9.98 (1H, s), 8.61 (1H, d, J - 7.5 
Hz), 7.67 (1H, d, J = 3.0 Hz), 6.94 (1H, d, J = 3.0 Hz), 6.32 
(4H, br s), 4.40-4.33 (1H, ra), 4.09 (2H, q, J - 7.1 Hz), 4.03 
( 2H, q, J = 7.1 Hz), 2.94 (2H, t, J = 7.3 Hz), 2.70 (2H, t, J 
= 7.3 Hz), 2.40 (2H, t, J =7.4 Hz), 2.13-2.01 (1H, m), 2.00- 
1.91 (1H, m), 1.17 (3H, t, J =7.1 HZ), 1.15 (3H, t, J ■ 7.1 
Hz) 

Anal. (C 20 H 27 N 5 O 6 S2 : 0.5 H 2 0) C,H,N,S 

9i^ N-rS-r2-a2.6-Dlamlno-4r3HWoxopvrimidin-5- 
vl 1 thlo Vethvl 1 thleno-2-vl ) -L-glutamic acid 




A solution of 1.16 g (2.3 mmol) of 9h 90 mL of IN NaOH 
was stirred at room temperature for 70 hours, then acidified 
to ~pH5 by addition of ~20 mL of 6N HCl. The precipitate 
that formed was collected by filtration and washed three 
times with 10 mL of water to yield the product as an of f- 
white powd ~xT ( 878Tmg7 85% yi Id ;"mp "228 °^230 °C~ ( dec ) )~T~ ' 

NMR (DMSO-d6) S =» 12.41 (2H, broad), 10.02 (1H, br s), 
8.51 (1H, d, J = 7.7 Hz), 7.67 (1H, d, J = 3.3 Hz), 6.94 (1H, 
d, J = 3.3 Hz), 6.36 (^H, br s), 4.36-4.28 (1H, m) , 2.94 (2H, 



t, J = 7.3 Hz), 2.70 (2H, t, J = 7.3 Hz), 2.32 ( 2H, t, J = 
7.1 Hz), 2,12-2.00 (1H, m) , 1.95-1.85 (1H, m) 
Anal (C 16 H ig N 5 0gS 2 ) C,H,N,S. 

. EXAMPLE 10 

Synthesis o f N- ( 4 f 4-f 2W f 2 . 6-Diamino-4 ( 3H1 -oxopyrimidin- 
5-vl 1 thio ) ethyl 1 benzoyl V-L-qlutamic acid 

This compound of formula X, wherein A is sulfur, Ar is 
unsubstituted phenylene and R 1# R 2 and R 3 are all hydrogen, 
was synthesized by the following process. 

1 0a ) Methyl 4- ( 2 -bromoethvl ) benzoate 

O 




A solution of 9.16 g (40 mraol) of 4-(2-broraoethyl)- 
benzoic acid in 100 mL of THP was combined with an ether 
solution containing excess diazomethane. The excess 
diazomethane was consumed by addition of glacial acetic acid 
and the resultant solution was concentrated, in vacuo • The 
residue obtained was partitioned between saturated NaHC0 3 
(150 mL) and ethyl acetate (150 ml). The layers were 
separated and the aqueous phase was extracted with ethyl 
acetate (70 mL). The combined organic extracts were dried 
over Na 2 S0 4 and concentrated in vacuo, yielding the product 
as a yellow oil (9.65 g, 99% yield). 

NMR (CDC1 3 ) S = 8.01 (2H, d, J =» 8.3 Hz), 7.30 (2H, d, 

-j =» 8v3 Hz ) 3 . 92 ~l-3U~§- s ) > 3^59 -( 2H-,- J -« -7 . 4 Hz ) , 3 . 23 

(2H, t, J » 7.4 Hz) 

Anal. (C^H.^O^Br) C, H, Br 
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10b 1 Methyl 4-r 2- r acetvlthiolethvlbenzoate 




H 

m 
w 

II! 



1=* 



m. 



Methyl 4-[ 2-(acetylthio)ethyl]benzoate was prepared by 
following the procedure described for 9d. Thus from 1.22 g 
(5.0 mraol) of 10a 1.14 g of 10b was obtained (96% yield) as a 
yellow solid (mp 68°C). 

NMR (CDC1 3 ) S = 7.97 (2H, d, J = 8.2 Hz), 7.29 (2H, d, 
J =8.2 Hz), 3.91 (3H, s), 3.13 (2H, t, J =7.3 Hz), 2.92 
(2H, t, J » 7.3 Hz), 2.33 (3H, s) 

Anal. (C 12 H 14 0 3 S) C, H, S 

10c) Methyl 4-( 2-»thioethyl)benzoate 

O 



QCHi 




Methyl 4-( 2-thioethyl)benzoate was prepared by following 
the procedure described for 9e. Thus from 1.05 g (4.4 
mmol)of 10b there was obtained 8.53 mg of 10c as a yellow oil 
(99% yield). 

NMR (CDC1 3 ) 6 » 7.98 (2H, d, J » 8.2 Hz), 7.27 (2H, d, 
J = 8.2 Hz), 3.91 (3H, s),-2.98 (2H, t, J = 7.3 Hz), 2.81 
(2H, dt, J = 7.9, 7.3 Hz), 1.37 (1H, t, J = 7.9 Hz) 

Anal. (C 10 H 12 O 2 S) C, H, S 
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10d) Methyl 4-( 2-f ( 2 , 6-diamino-4 I 3H1 -oxopyrimidin-5- 
vl ) thio 1 ethvl Vbenzoate 




Methyl 4-(2-[ (2,6-diamino-4(3H)-oxopyrimidin-5- 
yl) thio] ethyl )benzoate was prepared by following the 
procedure described for 9f. Thus, from 2.45 g (12.5 mmoljof 
10c there was obtained 1.58 g of lOd as a white solid (43% 
yield, mp 286°-288°C (dec)). 

NMR (DMS0-d6) 6 9.98 (1H, br s), 7.85 (2H, d, J = 8.2 
Hz), 7.36 (2H, d, J * 8.2 Hz), 6.33 (4H, broad), 3.82 (3H, 
s), 2.81 (2H, t, J * 7.3 Hz), 2.70 (2H, t, J ■ 7.3 Hz) 

Anal. (C 14 H 16 N 4 0 3 S) C, H, N, S 

lOel 4-f2-f ( 2,6-Diamino-4r3H)-oxopvrlmidln-5- 
vl ) thiol ethvl) benzoic acid 

O 




4- ( 2-[ ( 2 , 6-Diamino-4 ( 3H) -oxopyrimidin-5- 
yl) thio] ethyl) benzoic acid was prepared by following the 
procedure described for 9g. Thus from 1.44 g (4.5 mmol)of 
lOd, there was obtained 1.27 g of lOe as a white solid (93% 
"yield, mp 29i o -292 0 ) . ~ 

NMR (DMSO-d6) S =■ 12.78 (1H, br s), 9.98 (1H, br s), 
7.82 (2H, d, J = 8.2 Hz), 7.32 (2H, d, J = 8.2 Hz), 6.31 (4H, 
broad), 2.80 (2H, t, J = 7.3 Hz), 2.69 (2H, t, J = 7.3 Hz) 



Anal. (C 13 H 14 N 4 0 3 S : 0.5 HjO) C, H, N, S 

lOfl Diet hyl N-f4-f 2-( f 2 . 6-diamino-4 < 3H) -oxopyrimidin- 
5-vl 1 thio ) ethvl 1 benzoyl ) -L-qlutamate 




Diethyl N- ( 4-[ 2- ( ( 2 , 6-diamino-4 ( 3H) -oxopyrimidin-5- 
yl] thio) ethyl] benzoyl )-L-giutamate was prepared by following 
the procedure described for 9h. Thus, from 919 mg (3.0 nunol) 
of lOe, there was obtained 660 mg of lOf as a white solid 
(45% yield, mp 105°-107°C). 

NMR (acetone-d6) 5 = 10.72 (1H, s), 7.87 (1H, d, J - 
8.0 Hz), 7.80 (2H, d, J - 7.8 Hz), 7.31 ( 2H, d, J m 7.8 Hz), 
6.62 (2H, s), 6.11 (2H, s), 4.65 (1H, ddd, J = 5.3, 8.0, 13.3 
Hz), 4.15 (2H, q, J » 7.1 Hz), 4.07 (2H, q, J =7.1 Hz), 
2.93-2.78 (4H, m), 2.50 (2H, t, J - 7.3 Hz), 2.29-2.17 (1H, 
m), 2.15-2.05 (1H, m), 1.23 (3H, t, J = 7.1 Hz), 1.18 (3H, t, 
J _ - 7.1 Hz) 

Anal. (C 9 -H,„N-O fi S) C, H, N, S 



10a N-M-f 2-^r 2.6-dlamino-4(3H^-oxopvrimidin-5- 
ynthioyethvl'lbenzoyl^-L-al^tamic acid 




N- ( 4- [ 2- ( [ 2 , 6-Diamino-4 ( 3H) -oxopyrimidin-5- 
yl ] thio) ethyl ]b nzoyl)-L-glutamic acid wds pr pared by 



following the procedure described for 9i. Thus from 246 mg 
(0.5 mmol) of lOf there was obtained 76 mg of lOg (35% yield, 
mp 177-181°C. 

NMR (DMS0-d6) 8 =10.01 (1H, br s), 8.49 (1H, d, J = 
7.6 Hz*?, 7.77 (2H, d, J = 8.1 Hz), 7.30 (2H, d, J = 8.1 Hz), 
6.33 (4H, broad), 4.35 (1H, ddd, J = 5.3, 7.6, 13.0 Hz)/ 2.78 
(2H, t, J = 6.8 Hz), 2.69 (2H, t, J =6.8 Hz), 2.33 (2H, t, J 
= 7.3 Hz), 2.09- 1.89 (2H, m) 

Anal. (C 18 H 21 N 5 0gS. 1.05 H 2 0) C, H, N, S 

EXAMPLE 11 

Biological and Biochemical Evaluation 
In Vitro Testing 

Cellular growth in the presence of the compounds 
according to the present invention was assessed using two 
cell lines: the L1210 murine leukemia (ATCC CCL 219) and 
CCRF-CEM, a human lymphoblastic leukemia line of T-cell 
origin (ATCC CCL 119). Both lines were maintained in RPMI 
1640 medium containing 5% heat-inactivated fetal bovine serum 
without antibiotics . 

IC 50 values were determined in 160 microliter 
microcultures each containing 1500 (L1210) or 10,000 (CCRF- 
CEM) cells established in 96 well plates in growth medium 
supplemented with 50 IU/mL penicillin and 50 mcg/mL 
streptomycin. Growth was measured over 3 days (LI 2 10) or 5 
days (CCRF-CEM) of continuous exposure to varying 
concentrations of each test compound added 4 hours after 
initial cell plating by the MITT-tetrazolium reduction assay 
of Mosmann T.J. (Immunol, meth. ,65, 55-63 (1983)), modified 
according to Alley et al. (Cancer Res. 48 , 589-601 (1988)). 
Water insoluble derivatives were dissolved in DMSO and 
diluted to a final concentration of 0.5% solvent in cell 
cultures. 
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Determinatibn of Inhibiti on Constants for- cjlvivp 

Method I (used for examples 2-5 and 10): 
GARFT inhibition constants were measured by the method 
of Cleland (Blochim. Biophys. Acta 67, 173-187 (1963)). 
Assays*" were done at 22°C and initiated by addition of enzyme 
using the spectrophotometry assay of Young et al. 
(Biochemistry 23, 3979-3986 (1984)) and monitoring the 
reaction at 295 nm. The GARFT domain of the human enzyme was 
used. The variable substrate was 10-formyl-5-8-dideazafolate 
at concentrations of 0.83 pH, 1.25 „M, 2.5 M M and 5 pH 
while the other substrate, GAR (glycinamide ribonucleotide), 
£ was held constant at 20 pM. The assay mix contained 20 mM 

|j Hepes pH 7.5, 20 P M GAR, and variable amounts of 10-f ormyl- 

£ 5 ' 8-dideazafolate and inhibitor. For each inhibitor five 

| concentrations were used ranging from 0 to approximately 3Ki. 

W The data were Plotted as the velocity of the reaction versus 

Ui the reciprocal of the 10-formyl-5, 8-dideaza-f olate 

Lk concentration. The inhibition constants were measured from, a 

g| replot of the slopes of these lines obtained for each 

fy concentration of inhibitor versus the inhibitor 

concentration. 



m 



Method II (used for examples 6, 7, 8 and 9): 
The GARFT assay method of Young, et al. (Biochemistry 
23, 3979-3986(1984)) was modified and used as described 
below. Reaction mixtures contained the catalytic domain of 
the human GARFT, inhibitor, 20 M M glycinamide ribonucleotide 
(GAR), 10 or 20 M M N 10 -formyl-5, 8-dideazaf olate (FDDF), and 
50 mM Tris-Cl at pH 7.5. The reaction was initiated with the 
addition of enzyme to a final concentration of 11 nM and 
followed by monitoring the increase in absorbance at 294 nM 
at 20°C (e 294 = 18.9 mM~ 1 cm" 1 ). 

? A 5 F ?„5_ on 5 t : ailt:s _ l K i)_ were ^^f^ 1 ^ from_the dependence 

of the steady-state catalytic rate upon inhibitor and 
substrate concentration. The type of 



inhibition observed was determined to be competitive with 
respect to FDDF by the dependence of the apparent ^(K^ ) 
on the concentration of FDDF and was shown to be described by 
K i *™ = K i- + ( K ,- /K m) [FDDF] . The michaelis constant K , was 

1 / app lira m 

determined independently by the dependence of the catalytic 

rate upon FDDF concentration- Data for both the K and K. 

^ m x 

determinations were fitted by non- linear methods to the 
Michaelis equation or the Michaelis equation for competitive 
inhibition as appropriate. Data resulting from the tight- 
binding inhibition was analyzed, and the was determined by 
fitting the data to the tight^binding equation of Morrison 
Biochem Biophys Acta 185, 269-286 (1969)) by non-linear 
methods • 

GARFT Inhibition and Cell Culture Data 



GARFT Cell Line, IC 5Q (m**) 

Ex. K. M M L1210 L1210-C192 CCRF-CEM 



2 


0.11 


0.079 


5.0 


0.065 


4 


0.11 


0.11 


10.0 


0.13 


3 


0.035 


0.04 


10.5 


0.049 


5 


0.088 


0.09 


4.2 


0.08 


6 


0.008 


0.12 


>25 


0.068 


7 


0.032 


0.089 


28 


0.099 


8 


0.030 


0.01 


9.0 


0.008 


9 ~ 


2.00 


0.25 


22 


0.62 


10 


30 


1.5 


12 


1.2 



Determination of Inhibition Constants for AICARFT 

The assay method of Black ^Vl7^(ltoal"^odKi^ - 90~3^T« 
401 (1978)) was modified and used as described below. 
Buffers were degassed under vacuum prior to the preparation 
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of substrate solutions and degassed buffer was used in the 
reaction mixtures. Reaction mixtures contained partially 
purified AICARFT from cultured CEM cells , inhibitor, 100 M M 
AICAR ( 5-aminoimidazole-4-carboxamide-ribonucleotide ) , 50/*M 
of a raceraic mixture of N 1Q -f ormyl-tetrahydrof olate ( FTHF) , 
25 mM KC1, 50 mM 2-mercaptoethanol and 50 mM Tris-Cl pH 7.4. 
The reaction was initiated with the addition of the enzyme 
solution to a final concentration of 0.1 mg/mL and the 
reaction followed by monitoring the increase in absorbande at 
298 run at 37°C U 2 98 = 28 inM - 1 c^ 1 ). 

AICARFT inhibition constants (K^) were determined from 
the dependence of the steady-state catalytic rate upon 
inhibitor and substrate concentration. The type of 
inhibition observed and the determination of was performed 
as described above for inhibitors of GARFT with the 
appropriate substrates and the AICARFT assay. Treatment of 
experimental data was essentially the same. 

AICARFT Ki values for examples 9 and 10 were determined 
to be 35 and 60 /*M respectively. 

It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
processes and products of the present invention. Thus, it is 
intended that the present invention cover modifications and 
variations of this invention which fall within the scope of 
the appended and equivalent claims. 

Specif ically, it is recognized that no specific example 
has been given of making the polymeric polyglutamate form of 
the compounds of the present invention. One skilled in the 
art, however, could do this synthetically in accord with the 
literature methods. Normally, moreover, as explained above, 
polyglutamation, preferably with the addition of one to five 
glutamate units to the compounds of the present invention, 
more preferably, one to four glutamate units, will occur 
inside the cells. 



